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@ The diffractive optical modulator of the invention 
inckides: a plate having a portion functioning as a 
first electrode; a spacer layer formed on the plate;- 
and a grating consisting of a pluraTity of beams 
fiaving a portion functioning as a second electrode, 
both ends of the beams \xkng supported on the 
spacer layer. In the diffracttve optical modulator, by 
adjusting a voltage applied t)etween the first elec- 
trode and the second electrode, a distance between 
the beams and the plate is varied, thereby control- 
ling the' diffraction efficiency. An insulating layer is 
further provided between the plate and the plurality 
of beams. 
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BACKGROUND OF THE INVENTION 

1 . Reld of the Invention: 

The present invention relates to a diffractive 
optical modulator for modulating a light intensity 
and a method for producing the same; an infrared 
sensor including such a diffractive optical modula- 
tor and a method for producing the same; and a 
display device including such a diffractive optical 
modulator. 

2. Description of the Related Art: 

A diffractive optical modulator modulates the 
intensity of incoming light by using the diffraction, 
A conventional diffractive optical modulator is dis- 
closed« for example, in O. Solgaard et al., "Defer- 
mable Grating Optical Modulator." Optics Letters. 
Vol. 17, No. 9. May 1. 1992. The diffractive optical 
modulator disclosed in this article modulates the 
light intensity by tjsing the diffraction effects of 
light. This modulator can be producikl with a re- 
duced size by an 10 process, making W:h a 
modulator suitable for mass-producing. ''^ . 

The diffractive optical modulator disclosed in 
this article includes: a silicon substrate; a'^cer 
(or silicon oxide film) formed in a peripheral region 
on the silicon substrate; and a grating cohstslihg of 
a plurality of fine dielectric beams (or siicon-rich 
silicon nitride films), both ends of which are sup- 
ported by the spacer. A reflection film functioning 
also as an electrode Is jprovided on the upper 
surface of the grating^, y^n a voltage is applied 
between the reflection film and the silicon sub- 
strate, aih, electrostatic force (or a Coulomb's force) 
Is generated therebetween, so that tfie grafing is 
deflected. As a result, the lower surface of the 
deflected grating comes into contact with the upper 
surface oof the silicon substrate. Since the distance 
t)etween the reflection film provided on the upper 
surface of the grating and the reflection film pro- 
vided on the upper surface of the silicon substrate 
is varied in accordance with the application of a 
voltage, the diffraction efficiency is also varied. 

In a conventional diffractive optical modulator, 
the beams are made of a dielectric material, and 
the modulator is driven by applying a voltage be- 
tween the reflection film provided on the upper 
surface of the t>eams and the substrate. Accord- 
ingly, in tiie case of modulating light having a long 
wavelength such as infrared light, ttie distance be- 
tween the upper and the lower electrodes becomes 
long, so that the driving voltage is required to be 
adversely high. In addition, the beams are formed 
by nitride films, and therefore a strong residual 
tensile stress is caused in the films. In general, the 
residual stress in a nitride film is almost as large as 



1 GPa. In the above-mentioned conv ntional exam- 
ple, the t>eams are formed by silicon-rich nitride 
films, so that the residual stress is reduced to 
about 200 MPa. However, it is very difficult to 

5 reduce tiie tensile stress to a small one in accor- 
dance with such a method for reducing the stress, 
and the uniformity of the film is also degraded. 
Moreover, the spacer layer is formed by a silicon 
oxide film, and then removed by a wet etching 

w (W/E) process. When the grating is dried after 
being rinsed, the surface tension of the rinsing 
liquid adversely causes the sticking of the beams 
onto the surface of the substrate. In order to solve 
such problems, a method in which pi-otrusions pro- 

TS vided on the lower surfaces of the beams prevent 
the sticking, or a so-called freeze drying metiiod in 
which the beams are frozen, for example, in pure 
water after t>eing rinsed and the frozen pure water 
is sublimated under vacuum, has been used. How- 

20 ever, Iwtfi the methods disadvantageously com- 
plicate ttie production process. 

SUMMARY OF THE INVENTiON 

25 The diffractive optical modulator of the 'inven- 
tion includes: a ptate fiaving a portion ftjnctioning 
as a first electrode: a spacer layer formed on the 
plate; and a grating consisting of a plurality of 
beams having a portion functioning as a second 

30 electrode, both ends of the l>eams toeing* supported 
on the spacer layer. In the diffractive ;<3ptical 
modulator, by adjusting a voltage aplpnetd.be^ 
the first electiode and the second 'electrode, a * 
distance between the beams and the plate is var- 

35 ied, thereby controlling the diffraction efficiency, 
and an insulating layer is further provided between 
the plate and the phirality of beanris. 
- In one embodiment, a reflection film is formed 
on a surface of the insulating layer and on surfaces 

40 of the beams- 

In another embJxliment tire plate is made of a 
semiconductor functioning as the first electrode. 

In still another embodiment, the plate consists 
of a conductive layer functioning as the first elec- 
ts trode and an insulating substrate for supporting the 
conductive layer. 

In still another embodiment, at least lower sur- 
faces of the beams are made of a conductive 
rnaterial.^ ; _ , . : . . 

50 "in still ariottier erntx)dlment, at least tower sur- 
faces of the t>eafns are nriad of a conductive 
material which is not likely to te oxidized. ^1 

In still arKXfier emtxxliment the spacer layer is 
made of an organs material. 

55 In still another embodiment the conductive 
material is selected from the group consisting of 
Au, Pt, Ti. an NiCr altoy, a CuHt alloy, chrome 
steel, and a cor)ductive organic material. 
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In still another embodiment, the spacer layer is 
made of the same material as a material of the 
plurality of beams. 

In still another embodiment, a width of the 
beams supported on the spacer layer in a longitu- s 
dinal direction is less than twice of a thickness of 
the beams. 

The diffractive optical modulator according to 
another aspect of the invention includes: a plate 
having a portion functioning as a first electrode, w 
and an upper surface and a bottom surface; a 
spacer layer formed on the upper surface of plate; 
and a grating consisting of a plurality of beams 
having a portion functioning as a second electrode, 
both ends of the beams being supported on the is 
spacer layer. In the diffractive optical modulator, by 
adjusting a voltage applied between the first elec- 
trode and the second electrode, a distance be- 
tween the t>eams and the plate is varied, thereby 
controlling the diffraction efficiency, and a first an- 20 
tireflection film made of an insulating material is 
further provided on the upper surface of the plate, 
and a second antireflection film made of an insulat- 
. tng material Is further provided on fhe^ bottom sur- 
face of the plate, and each of the beams consists 2s 
of a beam-shaped reflection, film functioning as the 
^secorid electrode and being made of a conductive 
material, and an elastic layer formed on the beam- 
shaped reflection film, .^ixidmo 

' diffractive optical modulator, according to ao 
sUll another aspect of the invention includes: a 
0iate j^aving a portion functioning as a first elec- 
InxJe; a spacer layer formed ofi :the plate; and a 
grating consisting of ^ plurality of beams having a 
portion functioning as a second electrode, both 3S 
ends of the beams bdng supported on tfie spacer . 
layer. In the diffractive optica! modulator, by adjust- 
ing a voltage applied between Jhe first electrode 
and the second electrode, a distance between the 
t>eams and the plate is varied, .thereby controlfing 4o 
the diffraction efficiency, and the plurafity of beams 
are arranged so that a movable distance between 

the plurafity of beams and the plate becomes mini- 

mum on an optical axis of incoming fight 

The diffractive optical modulator according to 45 
still another aspect of the invention Includes: a 
plate having a portion functioning as a first elec- 
trode; a spacer layer formed on the plate; and a 
grating consisting of a plurality of t>eams having a 
portion functioning as a second lectrode, bo\h so 
ends of the beams toeing supported on the spacer 
layer. In the diffractive optical modulator, by adjust- 
ing a voltage applied between ttie first electrode 
and the second lectrode. a distance between the 
beams and the plate is varied, ther^ controlling ss 
the diffraction efficiency, and a thickness of the 
plurality of t>eams is adjusted so as to be minimal 
on an optical axis of incoming fight ' 



In one embodiment, the first electrode is 
grounded, and a voltage is applied to the beam* 
shaped reflection film. 

In another embodiment, the elastic layer is 
made of the same material as a material of the 
t)eam-shaped reflection film. 

According to still another aspect of the inven- 
tion, a method for producing the diffractive optical 
modulator is provided. The method includes the 
steps of: depositing a first layer functioning as a 
spacer layer on a plate: and depositing a second 
layer functioning as bezms on the spacer layer. In 
this method, during ttie step of depositing the first 
layer, the first layer is deposited while moving a 
shield disposed k>etween a deposition source for 
supplying a material of tiie first layer towards the 
plate and the plate, thereby varying a thickness of 
the first layer at respective positions. 

According to still another aspect of the inven- 
tion, a method for producing the diffractive optical 
modulator is provided. The method includes the 
steps of: depositing a first layer functioning as a 
spacer layer on a plate: and depositing a second 
layer functkming as beams on the spacer layer. In 
this method, during the step of depositing the sec- 
ond layer, the second layer is deposited while 
moving a shield disposed between a deposition 
source for supplying a material of the second layer 
towards the plate and the plate, thereby v^ing a 
thickriess of the second layer at reispedti^ posi- 
tions.i 

According to still another aspect of the inven- 
tion, a method for producing the diffiractive optical 
RKxlulator is provided. The method includes the 
steps of: forming an insulating film on a plate 
having a portion functioning as a first electrode: 
depositing an organic film on the insulating film: 
. depo^ng a conductive tiiin film on the organic 
film; patteming the conductive tiiin film, thereby 
forming a plurafity of beams fijnctionihg as a sec- 
ond electrode: and removing a predetemnined por- 
tion of the organic film by a dry etching process. 
_ thereby^forming a spacerjor suppcrting_both er^ 
of the pkffafity of beams. 

According to still another aspect of the inven- 
tion, a method for driving the diffractive optical 
modulator is provided. In this metiiod. voltages in a 
rectangular waveform having an equal absolute val- 
ue and opposite polarities are applied to the first 
electrode arid the second electrode, respectively. 

According to still anotiier aspect of the Inven- 
tion, an fatfrared sensor including: a lens for con- 
verging infrared fight and a pyroelectric element is 
provided. In the infrared sensor, a diffiactive optical 
modulator for receiving ttie Infrared fight converged 
by ttie lens and for outputting at least a part of ttie 
Infrared fight toward tti^ pyroelectric element Is 
furtfier jorovlded; Jhe diffractive optical modtilator 



5 



EP 0 689 078 A1 



6 



includes: a plate having a portion functioning as a 
first electrode; a spacer layer fornned on the plate; 
and a grating consisting of a plurality of beams 
having a portion functioning as a second electrode, 
both ends of the beams being supported on the 
spacer layer. In the infrared sensor, by adjusting a 
voltage applied tietween the first electrode and the 
second electrode, a distance between the beams 
and the plate is varied, thereby controlling the 
diffraction efficiency of the diffractive optical 
modulator. 

In one embodiment, the infrared sensor further 
includes: a signal amplifier, connected to the 
pyroejectric element, for outpulting an electric sig- 
nal indicating an amount of infrared. light received 
by the pyroelectric element; and a plurality of elec- 
trode pins connected to the first and the second 
electrodes of the diffractive optical modulator and 
the signal amplifier and the pyroelectric element, 
the electrode pins externally protaiding from the 
t>ottonn surface of the seal case. 

in another embodiment the infrared sensor fur- 
ther iricludes a supporting plate for supporting the 
pyroelectric element and the signal amplifier: 

, in still another embodiment at feast one of the 
plurality of electrode pins extends to an inside of 
the seal case, and the at least one electrode pin 
supports thejsupporting plate.: i^^. ; -.i u>wo: 
: : in still anotiier embodiment, the infrared sensor 
further includes a shield which is disposed between 
the pyroelectric ^ment and tiie diffractive optical 
modulator and is grounded, v , 

, in still another emtxxliment, the diffractive op- 
tical nnodulator has an^ inclination angle (^t) of 45 
degrees or iess with respect to an upper surface of 
the seal case, 

: i. in ^11 anbttier embodiment tiie angle (0t) is 25 
degrees or less. ; ^zii • 

: In ^itill anotfier embodiment tiie plate is dis- 
posed being inclined so tiiat a normal with respect 
to a principal plane of tiie plate is not parallel to an 
optical axis of tiie lens. 

in still another embodiment the diffractive op- 
tical modulator is disposed so that only zero-order 
diffracted light of fight diffracted by tiie grating is 
incident on tiie pyroelectric element and that the 
diffracted light otiier tiian tiie zero-order diffracted 
light is not incident on tiie pyroelectric element 

in , still another embodiment an amount of the 
zero-order diffracted fight is varied in accordance 
with a variation of a distance between th beams 
and the plate of ttie diffractive optical modulator. 

In still another embodiment a seal case having 
an opening includes the diffractive optical modula- 
tor and tfie pyroelectric element 

. . In still anbti^ier embodinrient tiie lens for con- 
verging ttie infrared light is provided so as to cover 
til opening of the seal case. 



In still another embodiment, the seal case in- 
cludes: an upper surface for supporting tiie lens; a 
tKDttom surface parallel to the upper surface; and 
an inclined member for supporting ttie diffractive 
5 optical modulator so tiiat the diffractive optical 
modulator is inclined with respect to the bottom 
surface by an inclination angle e,. and the diffrac- 
tive optical modulator is disposed on the inclined 
meml>er. 

10 In still another emtxjdiment, the lens for con- 
verging the infrared light is a diffractive lens. 

In still anotfier embodiment, the lens for con- 
verging ttie infrared light has a con-ugated structure 
conresponding to a phase modulation of ttie lens 

/5 and is made of a material selected from the group 
consisting of Si, Ge, 6aAs, inP. GaP. ZnSe and 
ZnS. 

In sti'll anotfier embodiment a period of tiie 
grating is seven times or more of a wavelengtfi of 
20 tfie infrared light 

In still another embodiment ttie plurality of 

- beams are arranged so that a movable distance of 
the grating^t^ecomes milium on an optical axis of 
incoming infrar^'lijjhtP^^ ' ' 

25 IrTisti'll anotfier enibbffi 

- plurality of beanris is adjusted so as to be minimum 
on an optical axis of incoming infrared light. 

In still anotfier emtxxliment ttie diffra<^ve op- 
tical modulator is disposed so that a direction par- 

30 allel to a principal plan^ of ttie plate and vertical to 
ttie beams is vertical to an optical axis of the leris. 
: ! In^still ahotfier'^enrrtxidiment a ihovabiis 'dis- 
tance of ttie beams is set to be V/(4cos«), where x 
is a wavelengtfi of tfie infrared light and $ is an 

35 angle fonmed between a normal Witfi respect to tiie 
principal plane of ttie plate of tfie diffractive optical 
modulator and tfie optical axis of tfie lens. ' 

In still anotfier embodiment, a tfiickness of tfie 
beams is set to be V(4oos0), where X is a 

40 wavelengtfi of ttie infrared fight and Is an angle 
formed t)etween a normal witti respect to tfie prin- 
ctpal plane of ttie ptato of ttie diffractive optica! 
modulator and tfie optical axis of tfie lens. 

In still anotfier emtxxJiment an insulating layer 

45 is provided twtween ttie plate of the diffractive 
optical modulator and the beams. 

In still anotfier embodiment tfie beams of tiie 
diffractive optical modulator are made of a conduc- 
tive material. : hi 

50 The infrared sensor according to still anotfier 
aspect of tfie invention includes: a diffractive op- 
tical modulator for outputting at least a part of 
f incoming infrared fight: a lens; and a pyroelectric 
element In the infrared sensor, the lens converges 

55 . ttie infrared fight output from the diffractive optical 
modulator on^ttie pyroelectric element and ttie 
diffractive optical modulator includes: a plate hav- 
ing a portion functioning as a first electrode; a 
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spacer layer formed on (he plate; and a grating 
consisting of a plurality of beams having a portion 
functioning as a second electrode, both nds of the 
beams being supported on the spacer layer. In the 
infrared sensor, by adjusting a voltage applied l>e- 
tween the first electrode and the second electrode, 
a distance between the beams and the plate is 
varied, thereby controlling the diffraction efficiency 
of the diffractive optical modulator. 

in one embodiment, the infrared sensor further 
includes: a signal amplifier, connected to the 
pyroelectric element, for outputting an electric sig- 
nal indicating an amount of infrared light recced 
by the pyroelectric element; and a plurality of elec- 
trode pins connected to the first and the second 
electrodes of the diffractive optical modulator and 
the signal amplifier and the pyroelectric element, 
the electrode i^ns externally protruding from the 
bottom surface of the seal case. 

In another embodiment, a seal case having an 
opening iiicludes the diffractive optical modulator, 
the pyroelectric element and the lens. 

In still another embodiment, an infrared 
wavelength filter is provided so as tp/cover the 
opening of the seal case. 

In still anotfier embodiment, the infralred sensor 
further includes an opening control means provided 
for the opening. 

AccoKling to j^ll another aspept of the inven- ^ 
tion^ a method for producing an infrared sensor Is 
provided. The infrared sensor Includes a leris for 
converging tnfrarcKl fight, a pyroekd^^ J 
and a "diffractive optical nniddulatd' for re^^ 
Infrared light converged^ by the lens and for output- 
ting at least a part of the infrared Cght to the 
pyroelectric elernent A method for producing ttie 
diffractive optical modulator includes ttKi steps of: 
depositing a first layer functiprtii^ as a spacer 
layer on a plate; and depositing ai second layer 
functioning as beams on the spacer layer. In this 
method, durirtg the step of depositing the first 
layer, the first layer is deposited wfiile movino a 
shieid^spbsed bdtw source lor - 

supplying a material of the first layer towards the 
plate and the plate, thereby varying a thickness of 
the first layer at respective positions. 

According to still another aspect of the inven- 
tion, a method for producing an infrared sensor is 
provided. The infrared sensor , iiicliides a tens^^^^ 
converging infrared light, a pyroelectric lenient 
and a diffractive optical modulator for receiving the 
infrared fight converged by the lens and for output- 
ting at least a part of the infrared light to the 
pyroelectric element A method for producing ttie 
diffractive optical modulator Includes the steps f: 
depositing a first layer functioning as a spacer 
layer on a plate: and depositing a second layer 
functioning as beams on the spacer layer. In Oils 



method, during the step of depositing the second 
layer, the second layer is deposited while moving a 
shield disposed between a deposition source for 
supplying a material of the second layer towards 

5 the plate and the plate, thereby varying a thickness 
of the second layer at respective positions. 

According to still another aspect of the inven- 
tion, a method for producing an infrared sensor is 
provided. The infrared sensor includes a lens for 

10 converging infrared light, a pyroelectric element 
and a diffractive optical modulator for receiving the 
infrared fight converged by the lens and for output- 
ting at least a part of the infrared light to the 
pyroelectric element A method for producing the 

15 diffractive optical nuxJulator includes the steps of: 
forming an insulating film on a plate having a 
portion functioning as a first electrode; depositing 
an organic film on the insulating film; depositing a 
conductive thin film on the1)rganic film; patteming 

20 the conductive thin film, thereby forming a plurafity 
of beams functioning as a second electrode; and 
removing a predetermined portion of the organic 
film by a dry etchirig process, thereby forming a 
spacer for supportire both ends of the plurafity of 

25 beams. . 

According to still another aspect of he inven- 
tion, a display devk:e is provided. The display 
device includes: a light source: a dif&active optical 
modulation unit provkled on an optical path of fight 

30 emitted from the fight source; and an optical ele- 
ment for Imaging fight output from the difiracSve 
optical nrKxiulation ur^ The diffractive optical mod- 
ulation unit is provided wftii a diffractive grating 
means, thereby controlling a diffraction efficiency 

35 of the diffractive gralmg means. 

* In one embodknent tiie diffractive grating 
means is a reflective type means. , 

In anotiier embodiment, a lattice pitch of 8ie 
diffractive grating means is seven times or nnore of 

40 a central value of a waveband of the fight 

In still another embocfiment tiie diffractive op- 
tical modulation unit foidudes a plurafity of diffrac- 

five-optical modulators two-dimensionally arranged 

as tiie diffractive grating means, and the plurafity of 

45 diffractive optical modulators respectively corre- 
spond to a plurafity of pixels. Each of the plurafity 
of diffractive optical modulators inckides: a plate 
having a portion functioning as a first electrode; a 
spacer layer formed on tiie plate; and a grating 

so consisting of a pitrafity of beams having a portion 
functioning as a second electrode, botii ends of the 
beams being supported on tiie spacer layer. The 
diffractive optical modulator controls tiie diffiraction 
efficiency by varying a gap t>etween tiie beams 

55 and the plate by acQusting a voltage appfied be- 
tween the first electrode and the second electrode. 

In still anotiier embodirnent the plurafity of 
diffractiv optical modulators furtiier Inckjde an in- 
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sulating layer formed between the plate and the 
plurality of beams. 

In still another embodiment, a region for for- 
ming a phase difference which is one half of a 
wavelength of the light is provided between adja- 
cent modulators of the plurality of diffractive optical 
modulators. 

In still another embodiment, the display device 
further includes a separation means for separating 
the light emitted from the light source into a plural- 
ity of light beams having different wavebands. The 
diffractive optical modulation unit is disposed on an 
optical path of each of the plurality of light beams. 

In still another emtxxliment, the diffractive op- 
tical modulation unit includes a plurality of diffrac- 
tive optical modulators two-dimensionally arranged 
as the diffractive grating means, and the plurality of 
diffractive optical modulators respectively corre- 
spond to a plurality of pixels. Each of the plurality 
of diffractive optical nrxxlulators includes: a plate 
having a portion functioning as a first electrode: a 
supporting beam formed on tiie plate; and a grating 
consisting of a plurality of beams having a portion 
functioning as a second elajtnode, botfi erids of the 
beams being supported on the supporting beam. A 
width of ttie supporting beam is smaller than a 
width of a movable portion of each of tiie plurality 
of beams. The diffractive optical modulator controls 
a diffraction efficiency by varying a between 
the beams and the plate by adjusting a voltage 
applied between tiie first electrode and tiie second 
electrode.' '^iH'- c-. / / ' . n-.-/: 

Thus, tiie Invention <lescrit>ed herein makes 
possible tiie advantage's of (1) providing a diffrac- 
tive optical modulator which can be produced easi^ 
ly in a small size, which can be driven at a low 
voltage, and which exhibits excellent durability and 
response^characteifistics. and a metfiod for produc- 
ing ffie lsame; (2) providing an Infrared sensor 
Including such a diffractive optical modulator and a 
metfiod for produdng ttie same; and (3) providing a 
display device Including such a diffractive optical 
modulator. 

These and other advantages of the present 
invention will become apparent to tiiose skilled in 
tiie art upon reading and understanding tiie follow- 
ing detailed description witfi reference to tiie ac- 
companying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

figure 1 is a cross-sectional vi w showing a 
fundamental configuration f an Infrared sensor ac- 
cording to a first example of ttie invention. 

Rgure 2 Is a plan view seen from above ttie 
seal case showing a positional relationship between ' 
a diffractive optical modulator and a pyroelectric 
element according to ttie first example of the inven- 



tion. 

Figure 3A is a cross-sectional view of the dif- 
fractive optical modulator of tiie first example in a 
state where no voltage is applied, while Rgure 3B 
5 is a cross-sectional view of the diffractive optical 
modulator of the first example in a state where a 
voltage is applied. 

Rgure 4 is a graph showing a relationship 
between the diffraction efficiency and the amount 
70 of the phase shift in the diffractive optical modula- 
tor for tiie infrared sensor of tiie first example of 
ttie invention. 

Figure 5 is a cross-sectional view showing a 
fundamental configuration of a diffractive optical 
15 modulator for an infrared sensor according to a 
second example of tiie invention. 

Figure 6 is a cross-sectional view schematically 
showing a ttiin film deposition process in a produc- 
tion method of ttie second example. 
20 Figure 7A is a plan view of an Infrared sensor 
according to a tfiird example of ttie invention, while 
Figure 78 Is a cross-sectional view taken along tiie 
fine A-A' in Rgure 7A. , . 

Figures 8A to 8G are cross-sectional, views 
25 showing tiie process steps for producing ttie dif- 
fractiye optical mcKJulator of ttie mird !e^^ of 
the invention. ' ^ ' ' ' 

Rgure 9A is a cross-sectional view of the dif- 
fractive optical modulator jpf tf^^^ example in a 
30 state vvhere no >^ltagie Is applied, while Figure 9B 
is a cross^sectional view of the diffractive optical 
modulator of ttie third example in a state where a 
voltage is appiied. . f ^^^^^ ' 
Rgure 10 Is a cross-sedtionS view of a diffrac- 
ts five optical modulator for an infrared sensor ac- 
cording to a fourtii example of ttie Invention. 

Rgures 11 A to , 11 1 are crossWtionai views 
showing ttie process steps for produdng ttie dif- 
fractive qjtical modulator of ttie fourtti example of 
40 tiie invention. 

Rgure 12A Is a cross-sectional view of tiie 
cfiffractive optical modulator of ttie fourth example 
in a state where no voltage Is appfied. while Figure 
12B Is a cross-sectional view of ttie diffractive 
45 optical modulator of ttie fourtti example in a state 
where a voltage is applied. 

Rgure 13 Is a cross-sectional view of a diffrac- 
tive optical modulator for an infrared sensor ac- 
cording to a fiftti example of the imwition. 
50 Rjjures 14A to 14iGi are/cro^-sectional views 
showing the process steps for Ix^jjdudrig tiie dif- 
fractive optical modulator of ttie fiftti example of tfie 
Invention. ' - ^ 

Rgures 16A to 16C ^ww exemplary 
55 waveforms of the drf^ng voltage to be applied to 
ttie diffractive optical modulator of ttie invention. 

Rgure 16 Is a peffspec^ 
configuration and an anafigement for an Infrared 
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sensor according to a sixth example of the inven- 
tion. 

Rgure 17 is a perspective view showing a 
fundamental configuration of the devices disposed 
on the supporting plate of the infrared sensor ac- s 
cording to the sixth example of the invention. 

Figure 18 is a side view showing a fundamental 
configuration of an infrared sensor according to the 
sixth example of the invention. 

Rgure 19A is a plan view of the diffractive io 
optical modulator according to the sixth example of 
the invention, while Rgure 19B is a cross-sectional 
view taken along the line A-A' in Rgure 19A. 

Rgures 20A to 20F are cross-sectional views 
showing the process steps for producing the dif- is 
tractive optical modulator of the sixth example of 
the invention. 

Rgure 21 A is a cross-sectional view illustrating 
the operation of the diffractive optical modulator of 
the sixth example wfien the voltage is off, while 20 
Rgure 21 B is a cross-sectional view illustrating the 
operation of the diffractive optical modulator of the 
sixth example when the voltage is on. 

'^Rgure 22A W a grap^ the reliationship 

between the inbfihatibn a^^^ the optimal thick- 25 
ne^ of a beanri In the diffractiv modulator 
of the sixth example, while Rgure 223 is a graph 
showing the relationship between the inclination 
angte and thelnfifeaso^^ fte driving voltage* 

" Rgure 23A is a oossfsedtional view siKiwing 30 
the state of the charge resulting from the applica- 
tiori of a vofage' W the imrac^6ye <^^ 
of the si)Sh' €wample^ IbeartSs have the ox- 
idized lower surf abdsJ Rgure 238 Illustrates the 
behavior of the electrons In the vicinity of the 3S 
contact portion thereof. Rgure 23C illustrates the 
state of the diarges in the vicinity of ttie contact 
portion thereof iresUHii^ from the removal of the 
applied volume. 

Rgure 24 is a graph showing the variation of 40 
an exemplary waveform of the voltage to be ap- 
pGed for driving a rfifiractive optical modulator while 

fdfSblylremoving the lesidual charges^^ 

Rgure 25A is a cross-sectional view Illustrating 
the behavior of the diaiges in the diffractive optical 45 
modulator of tf^ sixth example when tfw voltage Is 
on. while Rgure 25B is a cross-sectional view 
illustrating tfie behavior of tfie charges In the dif- 
fractive optical modulator of ttie sixtti example 
when tiie voltage is off.. " ' " ^ 

Rgure 26 is a side view showing a fundamental 
configuration of an lnfrared sensor aa^ to a 
seventh exampl of *e Invention. 

Rgure 27A is a plan view of the diffractive 
optical modulator adcording to an, eightti example ss 
of the Invention, wWle. Rgure 27B is a cross-sec- 
tionai view takeri aiong ttw One A-A' in Rgure 27A. 



Rgures 28A to 28E are cross-sectional views 
taken along ttie line A-A' in Rgure 27A showing the 
process steps for producing the diffractiv optical 
modulator of ttie eighth xample of the invention. 

Rgures 29A to 29E are cross-sectional views 
taken along tiie line B-B* in Rgure 27A showing 
the process steps for produdng ttie diffractive op- 
tical modulator of the eightfi example of the inven- 
tion. 

Rgure 30 is a side view showing a fundamental 
configuration of an infrared sensor according to a 
nintti example of the invention. 

Rgure 31 is a cross-sectional view of a diffrac- 
tive optical modulator according to a tentti example 
of ttie invention. 

Rgures 32A to 32F are aoss-sectional views 
showing the process steps for producing ttie dif- 
fractive optical modulator of ttie tenth example of 
the invention. 

Rgure 33A is a cross-sectional view illustrating 
ttie operation of the diffractive optical modulator of 
ttie tentti example when no voltage is applied, 
while Rgure 33B is a cross-sectional view illustrat- 
ing ttie operation of ttie difiractive optical rriodulator 
of ttie tentti example when a voltage is applied. 

Rgure 34 is a cross-sectional view of an in- 
frared sensor according to an eleventti example of 
the invention. 

Rgure 35 is a cross-sectional view of an in- 
frared sensor according 4q a twelftti example of ttie 
inventionr 

^ Rgure 36 is a tiross^sec^ional view of an in- 
frared' sensor according fc ia ttiirteentti example of 
tiie invention. 

Rgure 37 schematically shows the principle of 
ttie operation of a display device according to ttie 
invention. 

Rgure 38 schematic^ shows the anange- 
nient for a display device according to an example 
of ttie invention. 

Rgure 39A Is a perspective view of a display 
device according to anott»r example of ttie inven- 
-tion,_while R^^ aoss-sectional^ view 

taken along ttie Bne A-A' in Rgure 39A. 

Rgure 40A is a plan view of a display device 
according to still anottier example cf ttie invention, 
while Rgure 40B is a cross-sectional view taken 
atong ttie fine A-A' In Rgure 40A. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Herdnafter. ttie preswit invention will be de- 
scril>ed l>y way of illustrative examples witti refer- 
ence to ttie accompanying drawings. 
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Example 1 

Referring to Rgures 1 to 4, an infrared sensor 
according to a first example of the invention will be 
described. 

The infrared sensor of this example includes a 
lens provided in an opening of a seal case, and a 
diffractive optical modulator confined in the seal 
case as well as a pyroelectric element. Such an 
arrangement makes it possible to produce a micro- 
infrared sensor. The diffractive optical modulator 
itself can t>e driven at a low power consumption, 
and is excellent in the durability and the response 
speed. . 

As shown in Figure 1, the lens for converging 
infrared V light has a corrugated grating structure 
which corresponds to the phase modulation of the 
lens. For example, the lens is a diffractive lens 8 
having an aperture of 3 mm and a focal length of 6 
mm. This lens 8 is composed of a plurality of 
concentric grating zones, and the grating period in 
the zones gradually decreases towards the outer 
circumference thereof. The cross section of tfie 
grating zones. :ha>nng a maximum groove depth of 
3 um, for . example, is in>a . s<>called multi-ievel 
shape having approximately a savHooth shape in 
four steps, for example. The lens 8 converges the 
incoming light, by utilizing .the diffraction phenom- 
ena This diffractive lens 8 ts;fprmed directiy bh the 
reverse side of a Si subsirate on which a film 
functioning as infrared^ wavelength filter is depos- 
ited* and Is provided pn.tfie .operiing (rf^^^ 
case 5. In this construction..a sirtierical lens made 
of Si which is required ih the conventional example 
is no longer necessary. Therefore, a smaller in- 
frared sensor can be constructed more easily and 
at a lower cost.-, /- v. u.,^^.,.r 
f ^ Thi^; diffractive lens 8 is produced by perform- 
ing the -step of a photolithography process followed 
by a reactive ion etching (RIE) process, tvyice wth 
respect to an entire Si wafer. This method allows 
for producing as many as several hundreds to 
several thousands of lenses simultaneously per sin- 
gle wafer. In place of the Si, the substrate (or the 
wafer) may also be made of Ge. GaAs, InP. GaP, 
ZnSe or ZnS which is transparent in an infrared 
region. 

The diffractive optical modulator 9 has. for ex- 
ample, an area ;0f: 2.5 mm x .2.5 mm,-,and a 
thickness of 0.4 mm and Is included In tfie seal 
case 6 as well as th pyroelectric eiem nt 2 The 
diffractive optical modulator 9 is a reflection diffrac- 
tive pticai elem nt vyhich can vary the reflectance 
(or the zero-order diffraction effictericy) by control- 
ling the voltage to be applied to the modulator i9. In 
the coordinate systems shown in Figures 1 and 2, 
the diffractive optical modulator 9 has a disposition 
plane (x'y plan ) inclined %wth respect to the dis- 



position plane (xy plane) of the lens 8 by an angle 
0, of 45 degrees, for example. As a result as 
shown in Rgure 1, the optical axis of the con- 
verged infrared light 7 having a wavelength X f 10 
5 urn is folded by the diffractive optical modulator 9 
by 90 degrees, for example, so that the 2eroK)rder 
diffracted light 11 is incident onto the pyroelectric 
element 2 disposed on the left of the modulator 9. 
The zero-order diffracted light 11 is directed in the 
JO same direction as the direction of the light reflected 
by an ordinary mirror disposed at the position of 
the modulator 9. This optical system with a folded 
optical path has an advantage of reducing the 
height of the seal case 5. 
J5 When a voltage is applied to tfiis diffractive 
optical modulator 9, the zero-order diffracted fight 
11 disappears and first-order diffracted light 10a 
and minus first-order diffracted light 10b are gen- 
erated as indicated by the broken lines in Figure 2 
20 SO tfwt the ratio, of each of the two lights 10a and 
10b to the entire figtit is 0.41. These two diffracted 
lights 10a and 10b are then converged outskle of 
the pyroelectric. element 2 .Consequerttiy^ :the In- 
frared Oght ;isi ript, incident bii ih^^ 
25 rnent 2 T^refore,,, by tun;dng 'm/ofi. flie ; voltage 
applied to the dififrac*Ve^^^<^^ the 
amount of the infrared ngh^ imi^ the 
pyroelectric e^enrtent 2,c^ 
the diffractive opticel moduiator 9<^ppe^ in 
30 the sarne way as a converitional chopp^^^ /"^ 
shoy^^ _r»9M/e-2 ^ f^u)f|^ 
thif cfiffractiye .op^baJ ttiodiMqr 9 Jndud^ a ^S^ 
substrate 14 and a grating 12 consisting pjF a plural- 
ity off beams 12i, 12? «... 12n which <»ri 
35 vertically. The grating 12 is formed by an SiN layer 
16 or -the Kke, and has a length of 2 mm. a 
ttiickness L,pf 3ium. and af^^ A ofJOp iinfir 
An SiQz layer 13 is provided as a ^^^cer lilyer 
between the grating 12 and the substrate 14. iBoth 
40 ends of each beam of the grating 12 are supported 
by this spacer layer. The distance S between the 
grating 12 and the substrate 14 is 3.5 um, for 
example. This distance can be adjusted by varying 
the thickness of the spacer layer. 
45 Reflection films 16a and 15b made of Au are 
provided on the surface of the grating 12 and on 
the surface of the substrate 14, The reflection film 
15a is insulated with the substrate 14 by the spac- 
er layer (SiQz layer) 13. ^ ' " - 
50 . In this , example, an entires plate-type sub- 
strate 14 funcfionf as a first „ ledicde. The Veflec- 
tton film 15a furKtions; as a second electrode. By 
applying a voltage betw 14 and 
the reifl^tiori film' 15^^ an electrostatic force is 
55 generated thwebetweeri, and tfie supported por- 
tions of tfw grating' 12 i^^ the vicinity of both erxls 
thereoif are deflected; iw that the gratinia 1i2 oxines 
into contact with the substrate 14 as shown in 
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Figure 3B. The length of the grating 12 Is set to be 
larger than the aperture of the beam (indicated by 
the broken lines in Figure 2). 6.g.. 1.8 mnn. when 
the converged infrared light 7 Is reflected by the 
diffractive optical modulator 9, so that the light is 
well modulated. However, if the length is set to be 
too large, then unnecessary infrared light incident 
on the regions other than the detection region is 
possibly diffracted in the peripheral region of the 
grating 12 which is not to be used, and then 
incident onto the pyroelectric element 2. Thus, in 
this example, the length of the grating 12 is set to 
be larger than the aperture of the reflected beam 
by about 5 to 20%. 

The present inventors have found that the op- 
timal thickness of the grating 12 and the optimal 
height of the space (movable distance) depends 
upon the inclination angle d| of the diffractive op- 
tical modulator 9; that the thickness L of the SiN 
layer 16 is X/(4cosflJ, e^.. 3^ um. where X is a 
wavelength of the incoming fight; and that the 
height S of the space between the grating 12 and 
the substrate 14 Is also X/(4cos0t). e.g., 3.5 um. 
When : no voltage is applied, the phase shift be- 
tween the fight reflected in the T cfirection by the 
reflection layer 15a on the surface of the grating 12 
and the light reflected by tiie reflection layer 16b 
on ttie surface of the substrate 14, becomes 2w. 
Since the frtiases are exactiy matched, the diffrac- 
tive optical modulator 9 functions nierely as a mir- 
ror, and the diffraction effidency of the zem-order 
diffracted fight becomes approwmately 100% ex- 
cept for the reflection loss, so that only the zero- 
order diffracted (or refledled) fight 11 is generated. 
On the other hand, when a voltage is applied, tiie 
phase shift between tiie light reflected by the re- 
flection layer 15a on the surface of the grating 12 
and the fight reflected by tfw reflection layer 16b 
on the surface of the substrate 14. lespectively. 
becomes ». In this case, since tfie phases are 
entirely opposite to each ottier. the zero-order dif- 
fraction efficiency becomes 0%. and the ± first- 
order diffracted fights 10a and-lOb are generated 
at the diffraction efficiency of 41%, respectively. 
However, even If ttw height S and the thickness L 
are varied more or less, the diffractive optical 
modulator 9 can still function as a chopper. In tt^e 
prior art as disclosed by O. Solgaaid, F.SA San- 
dejas and O.f^. Bloom In "Deformabte Grating Op- 
tical l^odulator." Optics Letters, V 1. 17, No, 9, May 
1, 1992. collimated visible fight (having a 
wavelengtfi X of 0.6328 um, for example) is in- 
cklent vertically onto the device (or the diffractive 
optical modulator), so that it is (fifficuft to separate 
the incoming fight from the reflected zero-order 
diffracted fight In addition, the grating period A 
may be 2, 3 or 4 um, but the grating wfdtti be- 
comes a haff of tfie grating period. i.e., 1 , 1 .5 or. 2 



um. Since the grating width is too small,- it is 
difficult to fabricate the grating. Furthennore, since 
the grating thickness or the height of the space is 
very small. ,g.. alx)ut 0.2 um. the error is likely to 
5 occur in the thickness of the deposited film during 
the production process. Accordingly, it is difficult to 
produce a diffractive optical modulator with ex- 
cellent properties in a high production yield. 

On the other hand, the infrared sensor accord- 
10 ing to the present invention uses an infrared ray 
having a central wavelength of 10 um as the in- 
coming light so that the width of the grating to be 
produced l)ecomes very large, e.g., about 50 um. 
Accordingly, the patterning process can be easily 
15 performed for tiie grating. In addition, botii the 
optimal grating thickness and the optimal height of 
the space t)ecome very large. e.g., about 3.5 um. 
the tiilckness of tiie thin film to be deposited can 
be controlled very satisfactorily. Moreover, tiie 
20 grains or tfie fine unevenness generally caused in a 
thin film give adverse effects when visible light is 
incident, e.g., the scattering of tiie light However, 
the infrared sensor of the invention is not affected 
in any^ the above ways. = r , 
26 In tWs example, the direction of the grating 
vector (or y direction), which Is vertical to tiie 
tongitudinal direction (or x' direction) of the diffrac- 
tive optical modulator 9 and is on tfie surface 
where the grating is provided, is vertical to .tiie. 
30 optical axis (or -z direction) of tiie infrared light 7 
conveiQed by the lens 8. and tiie disposition plane 
(x'y ptae) of the diffractive optical modulator 9 is 
Inclined witti respect to tiie dispositioft , plane (xy 
plane) of the tens a. The present Inventors ha>?e 
35 found tfiat by using such a configuration, tiie in- 
coming converged Infrared light 7 can be satisfac- 
torily separated from the output zero-order diffract- 
ed fight 11, and that tiie zero-order diffraction effi- 
dency when no voltage is applied is approximately 
40 100%. ^ 

In the infrared sensor of tiie Invention, not the 
colfimated fight but ttie converged fight Is inckJent 
_ _^to the diffractive optical modulatory 9. The 
present inventors have found tiiat ttie aanHKder 
46 diffraction efficiency becomes approximately 100% 
in the central beams of the grating 12 in tfie y 
direction, efl.. when ttie numbers of ttie beams are 
ten. beams 124. 1% and 126, when no voltage is 
applied, but ttiat ttie zero-order diffraction effiden- 
50 cy gradually decreases in tiie peripheral beams of 
tiie grating 12 In the y' direction, e.g., teams 12i, 
1^2. 1% and 12io. because tiie incident angle of 
ttie fifllht is incfined. Because of ttie same reasons, 
wfien a voltage Is appHed. ttie zero-order diffraction 
55 effidency Inaeases from 0% in ttie peripheral 
beams, and ttierefore ttie widtii of tiie varying fight 
amount reduces as a whole. However, as discov- 
ered by the present Inventors; ff ttie period A of tiie 
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grating 12 is 7 times or more of the wavelength of 
the infrared light, i.e., AA ^ 7. then the variation of 
the diffraction efficiency is small even in the light 
obliquely incoming, and the incoming converged 
light causes no problem in the infrared sensor of 
the invention. In addition . in the case where AA ^ 
7, the line width of the grating to be produced is as 
large as 35 um or more, the grating can be pro- 
duced easily. 

In this example, the diffractive optical modula- 
tor is produced by using a Si substrate. Alter- 
natively, a substrate obtained by forming a conduc- 
tive layer on an insulating substrate such as a 
glass substrate may also be used. Any sut)strate 
can bemused so long as the substrate is a plate 
shaped ;«lement for supporting the grating and has 
a portion for functioning as a first electrode for 
generating an electrostatic force between the grat- 
ing and the substrate. More preferably, a semicon- 
ductor, substrate is used, tsecause fine patterning 
processes such as a photolithography technique 
and an etching technique which have been devel- 
oped in the field of producing a semiconductor 
device are used duiing the process for producing 
the grating. This is bote of all the following exam- 
ples; - ■ • . •= '= / . ; ■ 

Example 2 - 

' Inferring to Rgure 5 and Rgures 6. an infrared 
sensor according to a second example of the in- 
vefitiofi wiU be clescribbdP''^ 

' The infrared sensor of this second example is 
differeiit from the infraceb sensor of the first exam- 
ple only in the configuration of the diffractive op- 
tical modulator. Therefore, the configuration of the 
diffractive optical modulator will be described be- 
low.-'^\:^V^^- ■ . .- 

In -the diffractive optical modulator 9' to be 
used in^'ihis example, as shown in Figure 5, the 
thickness L of the grating 12' is varied in the 
respective positions. That is to say. the thickness L 
becomes smallest on the optical axis of the incom- 
ing infrared light 7 (the thickness U is x/(4oos6t). 
for example), and the thickness gradually increases 
towards the periphery of the grating 12' (Li > U > 
L3>U<L5<U<L7). The same relationship is 
applied to the height S of the space between the 
grating 12* and the substrate .14. More spedfk^ally. 
the vertically movable distance of the grating 12' is 
also smallest on the optical axis of the incoming 
infrared light 7 (the height & is X/(4cosdJ, for 
example),' and the thickness gradually increases 
towards the periphery of the grating 12' (Si > Sz > 
Sa > S* < Ss < Sc < Sr). In Figure 6, a diffractive 
optical modulator has seven beams In the grating 
12*. However, the number of the beams included in 
the grating 12* is not limited thereto. 



The present inventors have found when the 
expression L = x/(4cos0»cos0,) is satisfied, where 
L is the thickness of the grating 12* and e is the 
incident angle of the infrared light 7 being incident 
5 on the portion of the grating 12', and when the 
expression S = V(4cosd«cos0,) is satisfied, where 
S is the height of the space, the decrease in the 
zero-order diffraction efficiency when no voltage is 
applied and the increase in the zero-order diffrac- 

10 tion efficiency when a voltage is applied can be 
prevented and the modulation efficiency can be 
large in thia peripheral portions onto which the 
oblique light is incoming. Accordingly, even if AA < 
7 and the period of the grating is small, the modu- 

15 lation efficiency of the zero-order diffracted light 11 
can be large. If either ttie thickness L or the height 
S has an optimum distribution, the modulation effi- 
ciency is improved. 

The diffractive optical modulator shown in Rg- 

20 ure 5 is produced in the fol towing manner. 

Rrst, an SiQ2 thin film 13 is deposited on a Si 
substrate 14 as a first thin film for defining the 
distance between - the grating 12 and the Si sub- 
strate 14. Next an SN thin film 16 is deposed as 

25 a second thin film to t)e a grating 1Z When the 
first thin film is bdng -deposited. an elongated 
shieW 18 extending in the x* direction is moved in 
the y direction between the source -17 for tJeposit-^ 
^ ing the thin film and the substrate 14 as ^bwn in : 

30 Rgure 6. By cdntroffing the speed of the shield 18 
in the y direction, the deposition amount of the thin 
film is also controlled. As a resulti the thidtoiess of 
the Si02 thin filnfi 13 can be controlled. If the speed 
of the fhoving shiekl 18 is set to t>e low ari3und the 

35 center while high in the periphery, the SiOa thin 
film 13 whose thickness is distributed as shown in 
Rgure 6 can t»e obtained. If a similar prcK^ess is , 
peutormed during the deposition of the second thin 
film, the thickness of the SiN thin film 16 can be 

40 distributed in the same way as the thickness of the 
SiQ? thin film 13 as shown in Rgure 6. 

Thereafter, by performing the photolithography 
process and the etching process, the grating as 
shown in Rgure 6 can be fomied. 

45 On the other harxl. by using a shield 18 having 
a plurality of elongated portions extending in the x' 
direction, an array of diffractive optical modulators 
9* can t}e produced easily. 

50 Example 3 ^ 

, Referring to Rgures 7A and 7B. an infrared 
sensor according to a third example of the inven- 
tion will be described. The infrared sensor of this 
65 third example is different from the infrared sensor 
of the first example only in the configuration of the 
diffractive optical niodulator. Therefore, the configu- 
ration f the diffractive optical modulator will be 
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described below. 

The diffractive optical modulator of this exam- 
ple is designed so as to modulate the infrared light 
having an incident angle 0, of 45 degrees and a 
wavelength X of 10.6 um. Needless to say, a 5 
diffractive optical modulator having a different con- 
figuration can also be used. 

In Figures 7A and 7B, the diffractive optical 
modulator includes: a substrate 21. e.g.. a silicon 
substrate in this example: an insulating layer 22; a w 
spacer layer 23 made of a positive type photoresist 
having a thickness X/(4cosfl|) of 3.75 um, in this 
example: a conductive thin film 24 obtained by 
depositing aluminum or the like so as to be 3.75 
um thick; and a reflection film 25 obtained by 75 
depositing Au. 

Hereinafter, referring to Rgures 8A to 8G. a 
method for producing a diffractive optical modula- 
tor of this example will be described. 

In these figures, the reference numeral 26 de- 20 
notes a mask for patterning the conductive thin film 
24; 27a to 27d denote beams; 28a to 28e denote 
openings; 29a to 29d denote upper reflection films; 
and 30a to 30e denote kwer reflection fitms. The 
grating consists of the upper reflection filrhs 29a to 25 
29d and the beams 27a to 27d. 

Rrst as shown in Figure 8A. a silicon substrate 
21 is themnally oxidized at 1050 *C for an hour, 
thereby forming an Insulating layer 22 formed by 
the thermally oxidized film having a thickness of 30 
0.1 um on the silicon substrate 21. 

' Next« 'as shown in Rgure 8B, a photoresist is 
applied onto the "insulating layer 22 by a^ spin- 
coating method, thereby forming a spacer layer 23. 
The photoresist is t>aked at 160*C for 20 minutes 3S 
after the photoresist has been applied. In ttvs ex- 
ample, by adjusting the rotation number of the 
spinner and the viscosity ^ the temperature of 
the photoresist, the thickness of the spacer layer 

23 after the baking Is set to be 3.75 um. 40 
Then, as shown in Figure 8C, an aluminum film 

having a thk:kness of 3.75 um is deposited on 0ie 

-Spacer layer 23-by-a-v3por deposition method or-a 

sputtering method so as to fonn a conductive thin 
film 24. ^45 

Next, as shown in Figure 80, a photoresist is 
applied onto the conductive thin film 24, and then 
exposed and developed so as to form a mask 26. 

Subsequently, as shown In f=igure 8E. alumi- 
num forming the conductive thin film 24 Is removed so 
by a wet etching (hereinafter referred to as a W/E) 
using an etching solution composed of phosphoric 
add, acetk: add and nitric iadd, theret>y taming 
the openings 28a to 28e in the conductive tfih film 

24 and a plurality of t>eams 27a to 27d made of a ss 
conductive material/ tri this example. In oider to 
control the incoming fight havlrig a diameter of 1^ 
mm,' Ihei length (measured along the direction verti- 



cal to the paper sheet) of the beams 27a to 27d is 
set to be 2 mm. 

Then, as shown in Rgure BP. the mask 26 and 
the spacer layer 23 are removed by an isotropic 
dry etching (hereinafter, refened to as a 0/E). The 
portions of the spacer layer 23 which are located 
under the beams 27a to 27d are also isotropicly 
etched, so that the spacer layer 23 remains only in 
the peripheral portions of the substrate 21 as 
shown in Rgure 8F, and supports both ends of the 
beams 27a to 27d. 

Finally, as shown in Rgure 8G, Au is deposited 
on the upper surface of tiie substrate 21. thereby 
forming a reflection film 25 having a thickness of 
0.15 um. The reflection film 25 indudes the upper 
reflection films 29a to 29d fonmed on the beams 
27a to 27d and the ^ tower reflection films 30a to 
30e which are formed on the upper surface of the 
insulating film 22 so as to~be exposed through the 
openings 28a to 28e. 

In the case of forming a grating in which the 
length of a beam is considerably tonger than the 
width of the beam. If the spacer layer 23 is re* 
moved by the W/E, then the sur^ tension of the 
liquid causecl dtffing ttie rinsing and the drying 
processes unexpectedly sticks the beams onto the 
substrate side. However, according to the produc- 
tion method of this example, since the spacer layer 
23 is selectively remidved by the 0/E, the problem 
of the stickirig cari be totally eliminated, and the 
production yiekl can be considerably improved. 

ITie length of a beiarh Is varied how far the 
spacer layer 23 is etched in ;tfie laterd direction 
from the openings 28a to 28e (or in the vertk^al 
direction in Ftgme 7A), In the diffractive optical 
modulator of the invention, unless the length of 
each of the t)eams 27a to 27d is set to be con- 
stant. Ihe restoration rate of the respectivie beams 
are varied when the modulator is driven and the 
diffraction of the ight becomes ununiform for some 
time. If the spacer lnyer 23 Is removed by the W/E. 
then the amounts of the etchant ftowing under the 
respecth^ beams 27a to 27d and thetimereqwred 
for removing the etchant at the time of rinsing are 
slightly different among the respective beams 27a 
to 27d, so that the resulting lengths of the beams 
27a to 27d are varied In the diffractive optical 
modulator. However, In the case of removing the 
spacer layer 23 by the 0/E, the lengths of the 
t>earhs 27a to 27d t)ecbme almost the sanfie. 

Next referring to Rgures 9A and SB, the op- 
ration of the cKffractive optical modulator of this 
example will be described. 

In Rgures 9A and 9B, the reference numeral 
31 denotes Incoming light; 32 denotes the zero- 
order diffracted Gght* 83a to 33d denote the air 
layers formed by the t>eams 27a to 27d suspended 
in the air by the Isotrbr^Ic etching of the spacer 



21 



EP 0 689 078 A1 



22 



layer 23; 34 denotes an upper eleetrode consisting 
of the conductive thin film 24 and the reflection film 
25; and 35a and 35b denote t first-order diffracted 
lights. Figure 9A shows the state where no voltage 
is applied between the upper electrode 34 and the 
substrate 21. The difference in the height between 
the upper reflection films 29a to 29d and the lower 
reflection films 30a to 30e is 7.5 um, for example. 

In the state where a positive voltage Is applied 
between the conductive thin film 24 and the sub- 
strate^ 21, the beams 27a to. 27d and the lower 
electrode, i.e., the substrate 21, form a capacitor 
which consists of the air layers 33a to 33d and the 
insulating layer 22. As a result, the t>eams 27a to 
27d serving as the upper electrode are charged 
with positive charges, while the substrate 21 is 
charged with negative charges. Since an electro- 
statics-attracting force is caused between these 
charges, the beams 27a to 27d are pulled toward 
the insulating layer 22 until the beams 27a to 27d 
come into contact with the insulating layer 22. as 
shown in Rgure 9B. In this stage, the difference in 
the height ^between the, surtax re- 
flection films ;29a to; 29d arkj those of .ttie lower 
reflection films 30a lo 30e is 3-75 tun, for example. 

As isjapparent from the foregoing description, 
since the diffrabtive optical modulator of this third 
exanrtple ^operates m a similar^manner to the dif- 
fracdve c^oal modulator of the first example, the 
diffractive optical modulator of the third example 
also allows for modulating incoming light having a 
wave1engtfi.^f ^ 10.6 um« i!X example, by turning 
ori/off the vpltege to be applied t)etween the con- 
ductive thin film 24 andftfie substrate 21. 

In the diffractive optical modulator of the third 
example, tiie distance l>etween the conductive thin 
film,24/functioiiing as the upper electrode and the 
subsbrate 21 .functicming as the lower elecitrode is 
smallerfttian that In the diffractive ojptical nuidulalor 
of tiieHfirst example, so tfiat a stronger electrostatic 
force is caused between tfiem. Therefore, the 
modulator of ttiis exanu)le can be advantageously 
driven at a lower voltage. 

As descrit)ed above, according to the metiKXi 
of this example, tiie spacer layer is formed by an 
organic film and is removed by tiie 0/E, so that the 
beams are not sticked onto the substrate during 
the rinsing and drying processes, and the spacer 
layer (^^be^^rernoved uniformly witii satisfactory 
reprodudbilityJ Cipnsequeri^^^ a plurality of t)eams 
having tiie . same ierigth are forrned, and the vari- 
ation^ f the operation can t>e eliminated. In addi- 
tion, as fXKTipared witii the diffractive' optical 
modulator of tiie first example, tiie gap between 
til upper and ttie lower electrodes becomes small- 
er in tfie diffrac^ve optical modulator of tiie ttiird 
xampie. so that tiie m ttiird exam- 

ple can be driven at a lower voltage. 



Example 4 

Referring to Rgure 10, an infrared sensor ac- 
cording lo a fourth example of the invention will be 

5 described. The infrared sensor of this fourth exam- 
ple is different from tiie infrared sensor of the first 
example only in the configuration of the diffractive 
optical modulator. Therefore, the configuration of 
the diffractive optical modulator will be described 

10 below. 

In Rgure 10, the diffractive optical modulator 
includes: a substrate 36, e.g.. a silicon substrate in 
this example: an insulating layer 37: a spacer layer 
38 made of a photoresist having a tiiickness of 

15 3.75 um, in tiiis example; a conductive thin film 39. 
functioning as. tx>tii the upper electrode and the 
upper reflection film, obtained by depositing alu- 
minum or tiie like so as to be 3.75 um tiiick, in tiiis 
example; and lower reflection films 40a to 40e 

20 made of the same material as tiiat of the conduc- 
tive thin film 39 or the material having substantially 
the sanrte reflectance as tiiat of the conductive tiiin 
film 39, e.g.. aluminurn in. tius example, --yi u:7'. 
/^Hereinafter, refening to figures 11A to -111, a 

25 method for produciiig a diffractive optical modular 
tor of tills example ;mlLt}e described. In Rgures 
11 A to 111. the reference numeral 41 denotes a 
reflectipri film and. 42a to. 42^ demste masks.,;. ^ 
Rrsl as dhown ^ In Rgure 41 A. a silicon sub- 
so stiate 36 is ttiennally oxicGzed at 1050*.C for an 
hour, thereby forming an kisulating layer 37 con- 
stituted by tiie thermall^.r^^ 
tfiickness of 0.1 um on the sificon substrate 36. 
Next, as sfiown in Rgure 11B. aluminum is 

^ deposited on tiie insulating layer 37 by a vapor 
deposition method so as to t)e 0.15 um tiiick. 
tiiereby fomiing a reflection film 41. A photoresist 
is applied onto tiie reflection film 41 by a spin- 
coating metiiod, and tiien exposed and developed, 

40 tiiereby forming tiie masks 42a to 42e. 

Subsequentiy. as shown in Rgure 11C. alu- 
minum forming tiie reflection film 41 is removed by 
a W/E using an etehing solution composed of 
phosphoric acid, acetic add and nitric acid, for 

45 example. 

Then, as shown in Rgi^e 1 1D. tiie masks 42a 
to 42e are removed, thereby forming tiie tower 
reflection films 40a to 40e. 

Next as shown in Figwe 11E. a photoresist is 

50 applied by a spln-ccKating nriettiod. and then t)aked, 
tiiereby forming a spacer layer 38. In tills example, 
by adjusting tiie rotation mmiber of tiie spinner and 
tiie viscosity and tiie temperature of tiie photores- 
ist tiie tiiickness of the spacer layer 38 after tiie 

55 baking is set to be 3.75 um, for example, and tiie 
surface of tiie spacer layer 38 is made flat, \ 

Then,' as shown* ki Rgure'. 11F, an aluiiiinum 
film havfng a tfiickness of 3.9 um, for example, is 
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deposited on the spacer layer 38 by a vapor depo- 
sition method, thereby forming th conductive thin 
film 39. Since the thickn ss of th lower reflection 
films 40a to 40e is 0.15 um. for example, the 
thickness of the conductive thin film 39 is also set 
to be larger than 3.75 urn, for example, by 0.15 
urn. i.e.. 3.9 urn. 

Thereafter, as shown in Figure 11G, a 
photoresist is applied onto the conductive thin film 
39. and then exposed and developed, thereby for- 
ming the mask 43. 

. Subsequently, as shown in Rgure 11H, alu- 
minum forming the conductive thin film 39 is re- 
moved by a W/E using an etching solution com- 
posed of phosphoric add, acetic acid and nitric 
acid, for example, thereby forming the beams 44a 
to 44d and the openings 45a to 45e. 

Finally, as shown in Rgure 111, the mask 43 is 
removed by the 0/E, and at the same time, the 
portions of the spacer layer 38 under the beams 
44a to 44d are also isotropicly etched. 

By performmg the above process steps, the 
diffractive optical modulator having a configuration 
shown in Figure 10 is completed. 

tiereinafter; the operation of the diffractive op- 
tical modulator, having the above-described con- 
figuration win be described with reference to Rg- 
ures 12A and 12B. In Rgures 12A and 12B. the 
. same components as tfiose shown in Figure 10 are 
denoted by the same reference numerals and the 
description thereof wll be omitted herein. In Rg- 
ures 12A and 12B, the ireferenpe numeral 46 de- 
notes rincoriiirig fight;' 47 denotes the zero^er 
diffracted ligM 49a( to 4dd denote the air layers 
formed by the beams 44a to 44d suspended in the 
air by the isotropic etching of the spacer layer 38; 
and 49d and 4» denote ± first-order diffracted 
lights. Rgure 12A shows the state where no volt- 
age is applied ti^ween the conductive ttdn fibn 39 
and the substrate 36. The difference in the height 
between the surfaces of the beams 44a to 44d and 
those of the lower reflection films 40a to 40e is 7.5 
-um,~for-exannpie. 

In the state where a posith/e voltage is applied 
between the oonc&ictive thin film 39 end the sub- 
strate 36. the tieams 44a to 44d and the lower 
electrode. i.e.. the substrate 36. form a capacitor so 
as to interpose tfie air layers 4Sa to 48d and the 
insulating layer 37. As a result, the beams 44a to 
44d serving as tie upper lectrode are charged 
with positive charges while the sut>strate 36 is 
charged with hagafive charges. Since an electro- 
static attracting force is caused t>etweOT these 
charges, the tieams 44a to 44d are pulled toward 
the insulating l^er 37 until the t>eams 44a to 44d 
come into contact witti the insulating layer 37. as 
shown in Rgure 12B. In this stage, the dlffererice in 
tiie height befneen the surfaces f the beams 44a 



to 44d and tiiose of the lower reflection films 40a 
to 40e is 3.75 um. for example. 

As is apparent from tiie foregoing description, 
since the diffractive optical modulator of this fourth 

5 example operates in a similar manner to the dif- 
fractive optical modulator of tiie first example, the 
diffractive optical modulator of the fourth example 
also allows for modulating incoming light having a 
wavelength of 10.6 um, for example, by turning 

10 on/off the voltage to be applied between the con- 
ductive thin film 39 and tiie substrate 36. 

In tills example, since the lower reflection films 
are formed beforehand, the beams can function as 
tiie upper reflection film and an ultimate reflection 

/5 film need not t>e deposited. Accordingly, especially 
In tfie case where a thick reflection film is required, 
an inadequate opersdion caused by tiie contact 
between the lower reflection films and tfie reflection 
film attached to the Sdes of tiie beams can be 

20 completely eliminated. 

The cpndtK^tive ttiin film is made of aluminum 
in tills example. Needless to say, tiie conductive 
tiiin film may t>e made of otfier materials. In this 
example, the aluminwn film Is deposited by a 

25 vapor deposition rhetiiod. However, ttie aluminum 
' film may be deported by a sputtering metiiod or a 
plating metiiod. The spacer layer is rhade of a 
photoresist Alternatively, the spacer layer may be 
made of an organic material such as polyimtde. 

Example 5 ^ 

V ; ^^^^l^fenifig to F^tro lS.'-aninfrared sensor ac- 
cording to a fifth exarnple of tiie inv^tidn will t>e 

35 descril>ed. 

In Rgure 13. ttie diffractive optical modulator of 
tiie fiftii exempt includes: a substrate SO. e^.. a 
silicon sub$trate in this i^eample: an Insulating layer 
^51 which cofisids of ia thennally oxidized film hav- 

40 ing a thidcness of 0.1 um. for example, obtained 
by tfiermally oxkftzing the substrate 50. and a 
nttfide film having a ttiickness of 0.5 um. for exam* 

pie. obtained l>y_a kwjyessure chemical vapor 

deposition (l-PCVD) metiiod: a spacer layer 52 

45 having a thickness of 3.75 um. for exampte, ob- 
tained by depositing a silicon oxide film by tiie 
LPCVD metiiod; a dielectric layer 53 having a 
tiiickness of 3.75 um, for example, to be obtained 
by depositing a nitride film by tiie tPCVO metiiod, 

50 'tiie dielectric teyer 53 being patterned so as to 
fomi tiie t>eams 54a to 54d supported at botii ends 
thereof and having a reduced residual tensile 
sti-ess. e.g.. about 200 MPa. by using a siKcon^ch 
composttibn for the nitride film: tiie beams 54a to 

55 54d. botii ends of whteh are supported by tiie 
spacer layer 62, suspended in tiie air; openings 
55a to 55e: and a reflecOoh film 56 obtained by 
depositing an Au thin film having a tiiickness of 
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0.15 urn, for example, by a vapor deposition meth- 
od. As shown in Rgure 13. the reflection film 56 
forms not only the upper reflection films 57a to S7d 
on the surfaces of the t}eams S4a to 54d. but also 
the lower reflection films 58a to 58e on the sur- 
faces of the insulating layer 51 through the open- 
ings 55a to 55e. A grating is formed by these 
upper reflection films 57a to 57d and the beams 
54a to 54d. 

Hereinafter, referring to Figures 14A to 14G. a 
method for producing a diffractive optical modula- 
tor of this example will be descn'bed. 

First, as shown in Rgure 14A. a silicon sub- 
strate j50 is thermally oxidized at 1050*C for an 
hour.^^or example, thereby forming a thermally 
oxidized film having a thickness of 0.1 um. There- 
after, silicon nitride film having a thickness of 0.5 
um. for example, is deposited thereon by the 
LPCVD, thereby forming an insulating layer 51, 

. Next, as shown in Figure 14B, a spacer layer 
52 formed by a silicon oxide film is deposited on 
the insulating layer 51 by the LPCVO. 

r,:;Then, as , shovyn in Rgure 140, ai silicon-rich 
silicon nitride film is deposited on the spacer layer 

52 by the IPCVD, thereby forming the dielectric 
layer 53. . - 

Subsequently, as shown in Rgure 14D. a 
photoresist -59 is applied ofito the dielectric layer 

53 by a spin-coating method, and then exposed 
and developed, thereby forming a mask in a pre- 
determined shape. 

-.,.,.-tNext, -a$rShqwn,^^. the dielectric 

layer 53 Is patterned by the D/E. thereby forming 
the beams 54a to S4d.i 

Then, as shown in Rgure 14F, the photoresist 
59 is removed, and the spacer layer 52 Is removed 
by the;W/E; using buff ackJ so as 

to remove ; tiie spacer, layer 52 under ttie beams 
54a t0454d and form the beams whose both ends 
are suppiorted. 

Rnally, as shown In Rgure 14G. a reflection 
film 56 made of Au having a titickness of 0.15 (im. 
for example, is deposited by a sputtering me0K>d, 
thereby forming the upper reflection films 57a to 
57d and the k>wer reflection films 58a to 58e. By 
performing the atx>ve process steps, the diffractive 
optical modulator having the configuration shown in 
Rgure 13 is completed. 

^ SirK^e , the diffractive optical modulator having 
the atx)ve configuraftion operates in a similar man- 
ner to the diffractive optical niodulators of the third 
or the fourth example, the diffractive , optical 
modulator of the fifth example also allows for mod- 
ulating incoming light having a wavelength f 10.6 
um. for xampi , by turning on/off tfie voltage to 
be applied between the reflection film 56 function- 
ing as tfie upper electrode and the substrate 50 
functioning as the tower electrod . as shown in 



Rgure 13. 

In the diffractive optical modulator of this ex- 
ample, since a nitride film is used as the material 
for the beams, a residual tensile stress (of. for 
5 example, 200 MPa) is caused. As a result, the 
driving voltage becomes considerably higher as 
compared with that of the diffractive optical 
modulator of the third or the fourth example. How- 
ever, a beam having a length much larger than the 

10 thickness thereof can be advantageously formed. 
Therefore, incoming light having a large diameter 
can be modulated. In the diffractive optical modula- 
tor of the first example having no insulating layer 
51, when a reflection film is being deposited, the 

iS r reflection film unexpectedly reaches the sides of 
the beams, so that the upper reflection films be- 
come electrically conductive with the substrate 
when the modulator is driven. As a result, an elec- 
tric current is generated ttierebetween, thereby pre- 

20 venting the modulator from operating adequately, 
and tiie production yield Is disadvantageously re- 
duced. However, in the diffractive optical modulator 
of tills fiftii example, an insulating liaiyer 51 is pro- 
vided between the tower reflection films 58a to S8e 

25 and tfie substrate SO. Accordingly^ when the reflec- 
tion film 56 is t>eing deposited, even if tiie reflec- 
tion film 56 reaches tfie sides of the beams 54a to 
V 54d..and the .upper:.reflection :films 57a >to^-5^ 
become electrically 'conductive'witii ihe tower re- 

30 flection films 58a to 58e, an electrical conduction 
. between the upper reflectioh films 57a to 57d and 
tiie substrate eO can be totally eGrninated,'t>ecause 
tiie tower reflection films 58a to S8e are electrically 
insulated witii the substrate 50. Corisequently. it is 

35 possibto to provide a diffractive op&ca\ modulator 
operating appropriately, and improye the produc- 
. tion yield. . • - -^-^ a; - \^iiy:\ 

As described above, in tiie diffractive optical 
modulator of the first exampto. when tiie reflection 

40 film Is being deposited, tiie reflection film reaches 
tiie skies of the substrate, and when tiie modulator 
is driven, ttie upper reflection films come into con- 
tact with the lower reflection films, so that a short- 
circuit is generated, and tiie modulator tends to 

45 Operate inadequately. However, in the diffractive 
optical modulator of this fiftii exampto. since tiie 
insulating layer is provided between tiie lower re- 
flection films and the substrate, tiie modulator can 
operate stably V ^ , /; 

50 Next, referring to Rgures 9A and 9B and Rg- 
ures 15A to 15C, a metiiod for applying a voltage 
to tiie diffractive optical modulator of the invention 
will be described. 

Rgure 15A shows the waveform of tiie voltage 

55 to be applied to the diffractive optical modulator by 
a voltage applicatiori deyice. The driving voltage 
. having sijch a wavefomn conresponds to tiie case 
where tiie modulation of tiie light Is generated at a 
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period of 20 msec (corresponding to a frequency of 
50 Hz), for example, as described in the tfiird or 
the fourth example. 

The driving voltage shown in Figure 15A has a 
waveform in which the polarity in the region AB is 
opposite to the polarity in the region CD, but the 
levels in these two regions AB and CD are the 
same. The region A shown in Figure 15A cor- 
responds to the state shown in Rgure 9B where a 
voltage of + 15 V. for example, is applied between 
the upper electrode 34 and the substrate 21. In this 
case, as described in the third, fourth or fifth exam- 
ple, the upper electrode 34 is charged with positive 
charges, while the substrate 21 is charged with 
negative charges. As a result, the beams 27a to 
27d are deflected, and sticked onto the insulating 
layer 22, as shown in Rgure 9B. The next region B 
shown in Figure ISA oonresponds to the state 
where no voltage Is applied and almost all the 
charges are removed. However, the present in- 
ventors have found that some of the charges re- 
main as the residual charges. Since the restoration 
force of the beams 27a to 27d is stronger than the 
sticking force of the lesklual charges, the beams 
27a to 27d are restored to the initial positions 
thereof, and suspended in the air as shown in 
Rgure 9A. In order to operate the t>6ams 27a to 
27d by the application of a voltage having the 
same polarity next time, a voltage higher ttian the 
prevkMis voltage is required to be applied t)ecau$e 
of the effects of the resMuaJ charges. Otherwise, 
the teams 27a to 27d are not stk:ked onto the 
insulating layer 22. Ther^ore, in the next region C, 
by applying a voltage! having an opposite polarity 
to that of the voltage appGed in the region A, e.g.. 
a voltage of -IS V, the resklual charges remaining 
in the respective electrodes are forcibly removed, 
aind at the same time, tte charges having an op- 
posite polarity are charged. As a result the beams 
27a to 27d are sticked onto the insulating layer 22 
again. The region D as well as the region B cor- 
responds to the state where no voltage is applied. 
_and some of the charges also 
ual charges in the region O. 

As described above, in the diffractive optical 
modulator of this example, the residual charges 
caused when the driving voltage is applied can be 
removed by alternately applying voltages having 
opposite polarities. In a conventional diffractive op- 
tical modulatoi'; since the resklual charges increase 
as a modulator is driven more tim s, the n cessary 
driving voltage is requirad to be higher to remove 
the increasing residual charges. However, in this 
example, sucfi a problem can te solved. 

The same opeFatk)n can te obtained if the 
application of a voltage Is t>egun by a voltage 
tiaving an opposite polarity to that of the voltage 
shown in Rgure ISA. 



Rgure 15B shows a waveform of another driv- 
ing voltag . 

Th region A shown in Rgure 15B corresponds 
to the state shown in Rgure 9B where a voltage of 

s -t-SO V, for example, is applied between the upper 
electrode 34 and the substrate 21. In this case, the 
upper electrode 34 is charged with positive 
charges, while the substrate 21 is charged with 
negative charges. As a result, the t^ams 27a to 

10 27d are deflected, and sticked onto the insulating 
layer 22, as shown in Rgure 9B. The next regions 
B and C shown in Rgure 1SB correspond to the 
state shown in Rgure 9A In the region B, in order 
to promote the removal of the residual charges, a 

75 voltage having an opposite polarity, e.g., a voltage 
of •SO V. is applied during an initial short period. 

Rgure 150 shows /a waveform of still another 
driving voltage; The voltage waveform shown in 
Figure ISC is different from the voltage waveform 

20 shown in Figure 1SB in that a voltage t\oi having an 
opposite polarity but kmer than the voltage in the 
region A is applied during an initiar short period in 
the region B. By applying a voltage ha>nng such a 
waveform, it is possibje to promote the removal of 

2S the charges and to restore the beams at "a high 
speed.'- ---j-^; ■• ^■ ■■ ^- ' 

Example 6 

$0 Hereinafter, 'refening to Rgure - 16, an infrared 
sensor according to a sixth exarhple of the Inven- 
tkMi will be described. The infrared sensor of tfvs 
example is idesigned so as to detect infrared Kght 
havirig a wavelength <^ 10 um. for exarnpte. 

35 The Infrared sensor of this example includes: a 
lens provided In the opening of <a seal case: and a 
diffractive optical modulator included In the seal 
case as well as a pyroelectric element The size of 
the infrared sei^ of ttiis example Is tBdiioed as 

40 compared with a conventional infrared sensor using 
a chopper. In addition, the diffractive optical 
modulator itself can be driven at a low power 
co nsumption, and Js excellent in the durabiBty and 
the response speed. 

45 Rrst. the configuration of the infrared sensor of 
this example will be described. 

In Rgure 16. the reference numeral 61 denotes 
a seat case. A part of the seal case 61 is omitted 
herein for the. purpose of the illustration of the 

50 inside thereof. A lens 62 is a diffractlVis lens Having 
an aperture of 3 mm and a focal length of 6 mm. 
for example, which is formed on a substriale made 
of a material having transparency in the infrared 
region, .g.. sifiooh. A diffracthre optical nruxiulator 

55 63 modulates infrared light having a wavelength of 
10 um. for example. A spacer 64 has an inc&nation 
arigle f Though not ^hown In Rgure 16. on the 
reverse side of a' siipportihg plate 6S, electronic 
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parts such as a pyrbelectric element and a signal 
amplifier are disposed. ElectrcMje pins are denoted 
by 66a to 66d. however, the electrode pin 66d is 
not shown in Rgure 16, because the electrode pin 
66d is disposed In an invisible position in Figure s 
16. The electrode pins 66a to 66d are used for 
grounding, an application of a voltage to the diffrac- 
tive optical modulator 63, and a supply of povyer or 
an output of a signal to a pyroefectric element and 
other electronic parts not shown in Figure 16. . w 

Figure 17 is a perspective view showing the 
supporting plate 65 seen from the twttom side in 
Figure 16. In Rgure 17. the same components as 
those in, Rgure 16 are denoted by the same refer- 
ence numerals, and the description thereof will be 7S 
omitted j)erein. In Rgure 17, a pyroeiectric element 
is denoted by 67, and a signal amplifier for am- 
plifying the signal output from the pyroeiectric ele- 
ment 67 is denoted by 68. 

Rgure 18 is a side view showing a fundamental 20 
configuration of the infrared sensor of this example. 
The pyroeiectric element 67 is disposed in the 
vicinity of the end . of the supporting plate 65, 
whereby tfie Indination angle 0| Is set to be as 
small as possible. As will t>e described in detail 25 
later, the smaller the inclination angle 6t is. the 
lower the driving voltage becomes. In this case, if 
the focal length of the lens 62 is 10 mm. for 
example,, then the inclinatioa angle d| becomes 17 
degrees. As a result, the increase in the driving 30 
voltage ^^ suppressed to about ;lp% as coinpared 
with th0 case where jtie inclinafion angle «t is zero. 
In addition^ ttie infrared sensor of this example has 
a simple configuration. That is to say, the pyroeiec- 
tric element 67 and the signal amplifier 68 are 35 
dispose^ on the supporting plate 65. and the sup- 
porting , plate 65 is suppofted by.at tea^ one of the 
electrode ;pins 66a to 66d. Accordingly, it is not 
pa^ticul?^|y necessary to provide compficated fines 
and the:sQafing can be performed easily. 40 

Figure 19A is a plan view showing a diffractive 
optical rnodulator of this example, while Figure 19B 
is a cross-sectional view taken along the fine A-A' 
in Rgure 19A. In Rgures 19A and 19B, the diffrac- 
tive optical modulator includes: a substrate 69, e.g., 45 
a silicon substrate; an insulating layer 70 formed 
by an oxide film having a thickness of 0.1 urn 
obtained by thermally oxidizing the silicon sub- 
strate ,69; a^spaoer layer 71 obtained by applying 
polyimtde by a spin-coaUng method and baking the $0 
applied sfK:>lyi|7}ide; and beams 72. The present 
inveritors^ have found that both . the optimal thick- 
ness f the^spacer layer and that <rf the bearns for 
maximizing the degree of the rriodulation are X/- 
(4cosflt). where X is the wavelength of the light to 55 
be detecke^^As can tie understood from this ex- 
pression,^ the larger * the iricfination angle 6| be- 
comes, tfie larger the optiririal thickness of the 



spacer layer and the beams of the diffractive op- 
tical modulator becomes. For example, if X is 10 
um and 6, is 25 degrees, then the thickness of the 
respective layers is 2.8 um. And if is 45 de- 
grees, tiien the thickness is 3.5 um. The diffractive 
optical modulator further includes: a reflection film 
73 obtained by depositing Au or the like by a vapor 
deposition metiiod so as to be O.l um thick; a non 
oxidized conductive thin film 74 made of a material 
which is not likely to be oxidized by oxygen in the 
atmosphere or the oxygen plasma, to t>e obtained 
by depositing Au or R: and an elastic body 75 
obtained by depositing Al for example. As shown in 
Rgure 18. the beams 72 consist of the non-ox- 
idized conductive tiiin film 74 and the elastic body 
^• 

Hereinafter, referring to Rgures 20A to 20F, a 
metfKXj for producing a diffractive optical modula- 
tor of this example will be described. 

Rrst, as shown in Rgure 20A. a silicon sub- 
strate 69 IS fhdnnally oxidized at 1050*C for an 
hour, for example, thereby forming an insulating 
layer 70 made of the thennally oxidized film having 
a thickness of 0.1 um on. tfie silicon substrate 69: 
Thereafter, polyimidd is applied onto ttie insulating t 
layer 70 by a spin-coating method, tiiereby fonning 
a spacer layer 71. The applied poly imide is baked 
at 200*G Jor 20 minutes.- In this example..~by 
adjusting Ihe iolation number of the spinner: and 
the viscosity end the temperature of polyimlde. the 
thickness of the spacer layer 71 after the baking is 
settoto2JBiun, fQr:exampte.;: : s yi^sv^'^-^a-^: 
as shown ill Rgure 20B. Au (thickness: 
0.1 tun) is deposited on the spacer layer 71 by a 
vapor deposition metfrod so as to form a non- 
oxkfized conductive thin film 74. and then ari, Al 
film having « thlckriess of 2.7 um Is deposited, 
thereon by a vapor; deposition mettrad so as to 
forni an elastic body 75. 

Then, ^ shown In Rgure 20C, a positive type 
photoresist is applied onto tiie elastic body 75. and 
tfien exposed and devetoped so as to form a mask 
76. Thereafter, the elastic body 76 is removed by 
the W/E using an etching solution composed of 
phosphoric acW. acetic acid and nitiic add. 

Subsequentiy. as shown in Rgure 20D, tiie 
non^oxidized conductive thin film 74 is etched by 
the D/E Thereafter, as shown in Rgure 20E. tfie 
rnask 76 is renrioved t)y tiie D/E, and at the sarne 
time, the , spacer layer 71 is isotropidy etched so 
that the portions under the beams 72 are also , 
etched. . , ... 

Rnally, as shown in Rgure 20F, Au (tfiickness: 
0.1 um) is deposited so as to forni tiie reflection 
film 7a As a result the diffractive optical modulator 
having a configuration shown in Rgure 19 is com- , 
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The operation of the diffractive optical modula- 
tor having the above configuration will be described 
with reference to Figures 21 A and 21 B. In Rgures 
21 A and 21 B, the reference numeral 77 denotes 
incoming light; 78 denotes reflected zero-order dif- 
fracted light; 79 denotes an air layer formed by the 
beams 72 suspended in the air by the isotropic 
etching of the spacer layer 71; 80 denotes an 
upper reflection film, i.e.. the reflection film 73 
formed on the beams 72; 81 denotes a lower 
reflection film, i.e., the reflection film 73 formed on 
the insulating layer 70; and 82a and 82b denote ± 
first-order diffracted lights. 

Rgure 21 A shows the state where no voltage is 
applied t>etween the non-oxidized conductive thin 
film 74 and the substrate 69. The difference in the 
height between the upper reflection film 80 and the 
lower reflection film 81 is X/(2GOStft). as shown in 
Rgure 21 A. For example, if X is 10 urn and 0t is 25 
degrees, then the difference is 5^ um. In this 
case, the phase of the light reflected by the upper 
reflection film 80 is matched with the phase of the 
fight reflected by the lower reflectim film 81. As a 
result, the diffractive optical modulator functions 
merely as a mirror, and the incoming light 77 
t>ecomes the zero-order diffracted fight 78. 

On the other hand, for example, in the state 
wf)ere a positive voltage is applied between the 
non-oxidized conductive thin film 74 and the sub- 
strate 69, the non-oxidized conducGve thin film 74 
and the substrate 69 form a capacitor so as to 
interpose the air layer 79 and Itie tisulating layer 
'70. As a resutt^lhe nofvoxtdized 
film 74 functioning >.as the upper electrode is 
charged with positive charges, while the sut>strate 
69 functioning as the lower electrode is charged 
Vith negative charges. Since an electrostatic at- 
tracting force IS caused t)etweeh these charges, the 
beams 72 are pulled toward the insulating layer 70 
until the beams 72 come into contact with 0ie 
insulating layer 70, as shown in Figure 21B. In this 
stage, the difference In the height between the 
surfaoejof the upp«r refiectiori filrn 80j|nd that of 
the lower reflection film 81 is 2JB urn, for example. 
In this case, the phase of the light reflected by the 
upper reflection film 80 is different from the phase 
of the light reflected by the lower reflection film 81 
by one half of the wavelength <w). As a result, 
these two lights cancel each other, so that tiie 
zeroorder diffracted light disappears and a higher- 
order diffracted light oUier than the zeroorder dif- 
fracted light is to be diffracted instead. For exam- 
ple, t first-order diffracted lights 82a and 82b are 
generated at this diffraction efftdency of 41%. The 
light cain t>e modulated by turning on/off the volt- 
age applied between the non-oxidtzed conductive 
thin film 74 and the substrate 69. 



As described abov . in the diffractive optical 
modulator of this example, the spacer lay r is 
formed by an organic film and is removed by the 
0/E. so tiiat tiie beams are not sticked onto the 

5 substrate during the rinsing and drying processes, 
unlike a conventional modulator. In addition, the 
spacer layer can be removed uniformly, a plurality 
of tjeams having the same length are formed, and 
the variation of the operation can be eliminated. 

10 Moreover, the material for forming the t>eams is 
deposited by a vapor deposition or the like, the 
residual stress can be controlled easily at a deposi- 
tion temperature. Furthermore, tiie residual stress 
can be suppressed to a small level, a diffractive 

75 optical modulator operating at a low voltage can be 
produced, in addition, Bt least the tower surfaces of 
tiie beems are made of a conductive material and a 
ttiin 03dde film is provided t>etween tfie tower sur- 
faces of ttie beams and the sut)strate. so that tiie 

20 distance t)etween tiie upper and tiie lower elec- 
trodes can be considerably reduced and the 
modulator can be driveri at a k>w voltage. 

Next, a preferable disposition of the respective 
components of the infrared sensor of this example 

25 for driving the diffractive bfitical modulator at a^low 
voltage will be descHbed. As described above, the 
optimal thickness of tire t)eams and tiie spacer 
layer of the diffractive optical modulator is varied in 
accordance with the Inclination angle Figure 

30 22A. Is a graph^ showif^ tfie felatibhishlp between 
tiie incOnation angle and tiie optinial thtokness of 
tiie t)eanris and the spacer iayer in^tii^ 
optical modulator of the ^ infrared 's^nar bif -this 
exam(^. Figure 22B shows the increase in the 

35 driving voltage in accordance witii the inclination 
angle, ki Rgure 22B. the driving voltage when the 
inclination angle is 0 degree is starK^ardized as 
one: As 'i^iown in Rgiire 22BiJ^1f the indihafion 
angle >t Is set b l)e 45 degrees or le&. tiie 

40 increase In the ddving voltage can be suppressed 
to be twice or less. Also, the present inventors 
have found if tiie incTination angle Bt of tiie diffrac- 

tive optical modulat or is set to be ^degrees or 

less, the separation between the incoming fight and 

46 tiie zero-order diffracted fight and a tow-voltage 
driving (tiie increase in tiie voltage is suppressed 
to be 20% or less) can be accomplished simulta- 
neously. More spedtically, the diffractive optical 
modulator, including tiie beams having a tongtii of 

60 3 mm and showing thi3 ire^dual stress suppriessed 
to be a tensile stress of +10 MPa prless. can be 
driven at a k>w voltage fSVorless. 

Next, referring to Figures 23A to 23C. tiie 
effects obtained by provkfiiig a non-oxidized layer 

55 on the tower surfaces of tiie beams in tiie diffrac- 
tive optical modulator of this example will be de- 
scribed: * * 
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First, the case where the lower surfaces of the 
beams are not made of a conductive material 
which is not likely to be oxidized will be described. 
For example, the lower surfaces of the l>eamis are 
naturally oxidized by oxygen in the atmosphere or 
the lower surfaces are also oxidized when the 
spacer layer is removed by the D/E using oxygen 
plasma or the like, so that an oxide film is formed. 
In the diffractive optica! modulator shown in Rgures 
23A to 23C, the lower surfaces of the beams are 
not made of a material which is not likely to be 
oxidized, unlike the diffractive optical modulator of 
this example. However, the remaining components 
of the ^^diffractive optical modulator shown in Rg- 
ures 23A to 23C are the same as those of the 
diffractive optical modulator of this example. 

Rgure 23A is a cross-sectional view of the 
diffractive optical modulator in the longitudinal di- 
rection of the beams. Rgure 23B is an enlarged 
view of a region in the vicinity of the contact 
portion, i,e.^ the region A shown in Rgure .23A. 
Rgure 23C is also, an enlarged view of the region 
A when the voltage js turned off. In these figures, 
^the reference n denotes .ah oxide film 

which Is form€|d .l^ beanis 72 pxidized by 
oxygen in the atmosphere or oxygen plasma when 
ashing is perfomned; 84 denotes the conductive 
portions of ,tfie besmris^ TO^^ not oxidized; 

: 85 denotes elec^ons existing inside or 6n the sur- 
face of the insulating layer 70; and 86 denotes 
holes (or posifihre.,<*>^ 

- ment of.the,electii(^ :-'skti.tSr - 

Rgure 23A shows^ the state wtiere a voltage V 
(> 0) is applied betweein the upper and the lower 
electrodes. The conductive portion 84 is charged 
with positive charges , and the substrate 69 is 
charged, with negative charges, In Figure 238, the 
etectric.^eld is geri^rated by the appficatiort of a 
voltage, v^so 4hat a part of the electrons existing 
inside orl on the surface of the insulating layer 70 
move to the surface or the inside of the oxide film 
83, thereby forming the holes 84. Rgure 23C 
shows the state resulting from the state shown in 
Rgure 23B by the removal of the applied voltage. 
In this state, since no voltage is externally applied, 
the electrons 85 which have moved to the oxide 
film 83 do not ntoye to the insulatirig film 70, but 
remain in the oxide film 83, thereby generating a 
residual potential difference y,©,. Accordingly, In 
order to operate the" beams" to (irhe. it is neces- 
sary to apply a voltag higher than the. previously 
applied voltage V by the residual potehtiai dif- 
ference V,^. Therefore, the more times the beams 
are driven, the higher the driving voltage t)ecbrnes. 
Ultimately, the densities of the electrons 85 and the 
holes 86 increase, and the electrostatic force be- 
tween them also increases, so that the beams 72 
remain sticked ont the insulating layer 70. and can 



not be restored any longer. 

In order to prevent the increase in the driving 
voltage and the sticking of the beams, it is possible 
to drive the t>eams while forcibly moving the resid- 
5 ual charges by the application of a voltage having a 
waveform shown in Rgure 24. In such a voltage 
application method, the beams are driven while 
removing the residual charges by alternately apply- 
ing voltages having opposite polarities in the re- 
10 gions A and C. thereby preventing the increase of 
the absolute value of V,^. However, according to 
this voltage application method, a voltage source 
for supplying a voltage having a twice higher ab- 
solute value is required during an actual produc- 
es tion. Unless the charges are removed, the number 
of the remaining positive or negative charges be- 
comes large: the beams remain sticked and can no 
tonger be restored. 

Next, the effects obtained in the diffractive op- 

20 tical modulator of this example where the lower 
surfaces of the t)eams are made of a material 
which Is not likely to be oxidized by oxygen in the 
atmosphere or the oxygen plasma will be ,de- 

c- scribed, .y^ -^.:^ : ■ ■ 3 ^^■i:r^r. 

25 Rgures 25 A and 25B illustrate the movement 
of the charges In the contact portion in the diffrac- 
tive optical modulator of this example. Rgure 25 A 
is an, enlarged view showing the state of tiie con- 
tact portion when a voltege V (> 0) is applied 

30 betweien the substrate 69 and the non-oxidized 
conductive thin film 74. In Ihis state, the non- 
oxidized conductive thin film .74 Is charged with 
positive charges, and the substrate 69 is charged 
with negative charges. In this stage, the electric 

35 field Is generated by the application of a voltage, 
so that a part of the electrons existing Inside or on 
the surface of the insulating layer 70 move to the 
non-oxidized conductive thin film 74, thereby for- 
ming ttxe holes 26. However, the electrons 85 

40 which have moved to the non-oxidized conductive 
thin film 74 are tXMided with the previously charged 
fjositlve charges so as to disappear. Rgure 25B 
shows the state resulting from the state sihown in 
Rgure 2SA by the removal of the applied voltage. 

45 The positive charges still remain in the insulating 
layer 70. However, since the negative charges do 
not remain, the electric fieM is not geTOrated and 
the residual potential difference is not generated, 
either. Accordingly, there Is no need for increasing 

so the driving voltage if the. beams are driven many 
tirn s. and there' is no need for forcibly removing 
the residual charges by the application of voltages 
having opposite polarities. As a result, a tow-volt- 
age driving is substantially accomplished and the 

55 driving can be perfooned stably. -r-Kfy:,L 

As is apparent from the foregoing description, 
in the Infrared sensor of this example, by setting 
the inclination angle 6, in th diffractive optical 
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modulator to be 45 degrees or less, the inaease in 
the driving voltage can be suppressed to twice or 
less as compared with the cas where the light is 
incoming vertically, i.e., the inclination angle $t is 0 
degrees. Furthemnore, if the inclination angle $t is 
set to l>e 25 degrees or less, the length of a beam 
is set to t>e 3 mm, and the residual stress is 
controlled to t)e a tensile stress of +10 MPa or 
less, then a low-voltage driving at 5 V or less 
becomes possible, a circuit for inaeasing the volt- 
age becomes unnecessary and the infrared sensor 
can be produced at a lower cost. In addition, since 
the pyroelectric element and the signal amplifier 
are provided on the supporting plate and the sup- 
porting plate is supported by the electrode pns, 
the infrared sensor can be constructed easily. 
Moreover, in the diffractive optical modulator for 
the infrared sensor of this example, the lower sur- 
faces of the beams are made of a conductive 
material which is not likely to be oxidized, so that 
the modulator can be driven by applying a posifive 
or negative pulse voltage thereto. As a resutt. the 
fine contiol of the waveform of the applied vollage 
is no longer necessary and the-modulator can be 
.driven stably. y^xj..-:^: - ^^'i iy^-:^-:-' v. 

. In this example, a diffractive optical modulalor 
In which the length of the beam is 3 mm is de- 
scribed. Alternatively, by setting the length of the 
beam to be longer, the modulator may be driven at 
an even lower voltage with a still larger incKnafion 
angle fl,,However, if the beam becomes too long, 
then the modulator can not operate at a high speed 
owdng to the effects of the Inertial force, and in 
addition, the beam isTikely to be distorted, thereby 
degrading the modulation effiderK^y. 

In the diffractive optical modulator of this ex- 
ample, the beam consists of an elastic body and a 
non^oxldized cOTducBye thin film. Altemativelyv the 
elastip body may 1)0 made of the same material as 
that of the non-oxidized conductive thin film. That 
is to say. the entire beam may be fonned by the 
non-o)ddized conductive thin film. Needless to say, 
—the reflection fitm:may^also be-made_of_the^safTO^ 
material. In this example. Au is employed as the 
material which is not likely to be oxidized. Altor- 
natively. R, Ti, a NiCr altoy, a CuNi alloy, chrome 
steel, or other conductive organic material can 
also be used. The elastic body of this example is 
made of Al. However, the elastic body can be 
made of an insulating material such as an organic 
material. ^ - 

In a process for producing the diffractive op- 
tical modulator of this example, after the elastic 
body is patterned, the non-oxidized conductive thin 
film is patterned by the 0/E. Needless to say, the 
non-oxidized conductive thin film may be removed 
by the W/E Alternatively, the beams may be 
shaped in the foltowing manner. After the hbn- 



oxldized conductive Ihin film is deposited, the thin 
film is patterned once. Thereafter, the elastic body 
layer is deposited, and then the elastic body layer 
is patterned again. 
5 In this example, the deposition is performed 

mainly by a vapor deposition method. Alternatively, 
the deposition can be performed by other methods 
such as a sputtering method or a plating method. 

10 Example 7 

Hereinafter, an infrared sensor according to a 
seventh example will be described with reference 
to Figure 26. The infrared sensor of this seventh 

75 example is different from the infrared sensor of the 
sixth example only in the positions of the respec- 
tive components. Thus, ttie respective positions 
thereof will be described tielow, 

Rgure 26 is a cross-sectional view showing a 

20 fundamental configuration of the infrared sensor of 
this example. The inclination angle 0t in the diffrac- 
tive optical modulator is 25 degrees, as described 
in the sixth example. In Figure 26, the sanrie com- 
ponents as those shown in figure 18 are denoted 

25 by the same reference numerals, and the descrip- 
tions thereof will be omitted fierein. In Rgure 26. 
the reference numeral 87 denotes a supporting 
spacer. The lens 26 is a diffractive lens having an 
aperture of 3 mm and a focal length of,:6 fTum, for 

30 example,, and the spacer 64 has an ; irKstirtation 
angle of 25 degrees. The incfination angle a of 
ttie supporting spacer 87 is set to be 40, degrees 
so that the infrared ight is vertically incident onto 
the pyroelectric element 67, In this example, simje 

35 the inclination angle Ot of the spacer 64 is set to be 
25 degrees, if the lengtfi of a beam is set to be 3 
mm, xiriving can be performed at 0 V and +5 V, 
for example, r ; : ; 

40 With a supporting spacer 87. thereby vertically re- 
ceiving the Infrared fight diffracted by ttie diffractive 
optical modulator. As a result tiie detection can be 
conducted at a higher sensitivity. In additi o n, sin ce 
tfie incoming tight can be easily separated from ttie 

45 zeroorder diffracted fight diffracted by tiie diffrac- 
tive optical modutafcCM'. an infrared sensor in a 
smaller size ttian tiie infrared sensor of the sixtii 
example can be produced by using a lens having a 
shorter focal lengtii. 



50 



Example 8 



Hereinafter, a diffractive optical modulator ac- 
cording to an eigWh example of the invention will 
55 l>e described v«tti reference to Rgures 27A and 
27B. Rgure 27A is a plan view showing a diffrac- 
tive optical nnodulator of tiie eightii example, and 
Rgure 27B Is a ooss-sectional view taken atong 
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the line A-A' in Figure 27A, As shown in Figures 
27A and 27B. the diffractive optical modulator of 
this example includes: a substrate 88. e.g.. a silicon 
substrate; an insulating layer 89 formed by an 
oxide film having a thickness of 0.1 urn to be s 
obtained by thermally oxidizing the silicon sub- 
strate 88 or the like; a spacer layer 90 obtained by 
applying a photosensitive polyimide film by a spin- 
coating method, patterning the film by exposing 
and developing the film, and then baking the film; ro 
and the beams 91. In this example, the thickness of 
the spacer layer 90 and that of the beams 91 are 
set to be approximately X/(4cos5,). For example, if 
X is 10 um and e, is 25 degrees, then the optimal 
thickness is 2.8 um. The diffractive optical modula- is 
tor of this example further includes: a reflection film 
92 obtained by depositing Au (thickness: 0.1 um) 
or the like by a vapor deposition method; a non- 
oxidized conductive thin film 93 made of a material 
which is not likely to be oxidized by oxygen in the 20 
atmosphere or oxygen plasma, to be obtained by 
depositing Au, R or the like by a vapor deposition 
method; and an elastic body 94 obtained by de- 
positing Al or the like by a deposition meth- 
od. As shown in Rgure 27B. the t»ea[m 91 consists 25 
of the non-oxidized conductive thin film 93 and the 
elastic t>ody 94. 3 p- '^'' --^ -1 

Hereinafter, referring to Rgures 28A to 28E 
and Rgures 29A to 29E."a method for producing a 
diffracbVia optical modulator of this Example will be 30 
described. Rgures 28A to 28E areicross-seclional^ 
views takeih akxig the firte i A-A* in Rgure' 27A. 
Rgures 29A to 29E are cross-sectional views taken 
along the line B-B' in R^ure 27A. ^ ^ - 

Rrst, as shown in Rgures 28A and 29A, a 3S 
silicon substrate 88 is ^ thermally oxidized at 
1G50*C^^for an hour, for example, thereby fonning 
an insulating layer 89 constituted by the thenmally 
oxidized;^ film having a thickness of 0.1 um, for 
exampleron the silicon substrate 88. 4o 

Next, as shown in Rgures 288 and 298, a 
photosensitive polyimide film is applied on the in- 
sulating layer 89 by a spin-coating method; After 
the film Is exposed and developed so as to form a 
pattem, the film is baked at 200* C for 20 minutes. 4S 
for example. In this case, the thickness of the 
spacer layer 90 after the baking is set to be 2jB 
um, for example, by adjusting the rotation number 
of the spinner or the viscosity and the temperature 
of polyimide. 50 

Subsequently, as shown in Rgures 28C and 
29C. Au or the like having a thickness of 0.1 um, 
for xample, is deposited on the spacer layer 90, 
thereby forming the non-oxidized conductive thin 
film 93, and then an Al film or the like having a 55 
thickness of 2.7 um, for example, is further d^s- 
ited thereon by a vapor deposition, thereby fonning 
the elastic body 94. In this case, by setting tfie gap 



(indicated by 6 in Rgure 278) of the polyimide 
pattern to be less than twice of the sum of the 
thickness of the non-oxidized conductive thin film 
93 and that of tfie elastic body 94. it is possible to 
fill the gap of the polyimide pattern as shown in 
Rgure 28C. In this example, 5 is set to be 3 um. 

Then, as shown in Rgures 28D and 29D. a 
positive type photoresist is applied onto the elastic 
body 94. and exposed and developed so as to 
form a mask 102. Thereafter, Al forming the elastic 
body 94 is removed by a W/E using an etching 
solution composed of phosphoric acid, acetic acid 
and nitric acid, for example. The non-oxidized con- 
ductive tiiin film 93 is then etched by the D/E. 

Next, as shown in Rgures 28E and 29E, the 
mask 95 is removed by the 0/E using the oxygen 
plasma or the like, and at the same time, the 
spacer layer 90 including the portions under the 
beams 91 is isotropidy et^ed. Since some por- 
tions of the spacer layer 90 are not in contact witii 
oxygen plasma, the portions are not removed but 
remain. Rnally. Au or the like having a thickness of 
0,1 um is deposited by a vapor depositiori inetfKXl, 
thereby forming the reflection film 92. By perfonh^^ 
Ing the above steps, a diffractive optical modulator 
having a configuration as shown in Rgureis 27A; 
and 278 is completed. 

>The diffractive optical modulator^ having such a 
configuration operates in a similar mannidr to the 
diffractive optical modulator of the sixtii example. 
Therefore, by tumlng oh/off the voltage applied 
between the substrate 88 and the non-b)ddized 
conductive thin film 93, the Incoming light can be 
modulated. 

In the diffractive optical modulator of the sixtii 
example, the length of a beam is determined by 
the time required for removing the spacer layer. On 
the other hand. In the diffractive optical nruxjulator: 
of this example, since the lengtti of a beam is 
determined by the pattem of the spacer layer, a 
diffractive optical modulator including the beams of 
the same lengtfi can be produced with satisfactory 
reproducibility. Since the length of tfie beam af- 
fects the driving voltage of a diffractive optical 
modulator, the method for producing a diffractive 
optical modulator of this example eliminates tiie 
variation of the driving voltage from the diffractive 
optical modulator. 

Example 9 

Hereinafter, an infrared sensor according to a 
ninth example of the invention will be described 
witti reference to Rgure 30. 

The infrared sensor of this ninth example can 
be suitably usied In the case where the signal/noise 
(S/N) ratio Is desired to be large In detecting the 
Infrared Kght, and In the case where an Infrared 
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sensor of an extremely small siz is produced. 
Generally, in the case where the S/N ratio is set to 
be large in detecting the infrared light, by turning 
on/off the voltage appHed to the diffractive optical 
modulator, an electromagnetic noise adversely af- 
fecting the pyroelectric element and the signal am- 
plifier is generated, so that the noise becomes 
large. On the other hand, in the case of producing 
a small-sized infrared sensor, the size of the dif- 
fractive optical modulator included therein also be- 
comes small. As a result, since the length of a 
beam becomes short the modulator can not op- 
erate unless a relatively high voltage is applied 
thereto. If such a high voltage is applied, a large 
electromagnetic noise is also generated, so that the 
pyroelectric element and the signal amplifier exper- 
ience strong noise interference. ^ 

Figure 30 is a side view showing a fundamental 
configuration of the infrared sensor of this example. 
In RgutB 30, the same components as those 
shown in f=igure 18 will be denoted by 4he same 
reference numerals, and the description will be 
omitted herein. In F^ure 30, an electromagnetic 
shield 96 is grounded by lines (not shown), and is 
made of a conductive materia! transmitting the in- 
frared fight Since an antireflecfion film is provided 
on the surface of the eleclromagnetic shield 96, the 
zero-order diffracted fight diffracted by the diffrac- 
tive optical modulator is transmitted through the 
ele<^romagnetic shield 96 with substantially no 
loss. On the other hand, the electromagnetic n(Hse 
generated when the <fiffFaclive optical modulator is 
driven Is shielded tjy^ electromagnetic Shield 96, 
and therefore, the noted no longer adversely affects 
the pyroelectric element 67 and the signal ampfifier 
68. 

As is appiarent from the foregoing description, 
in the infrared sensor d this example, a shield is 
provided between the <Sfrractive^ o^ 
and a -device such as a pyroelectric element or a 
signal ampfifier, and is grounded, whereby the ef- 
fects of the electroma^ietic noise generated from 
the diffractive optical modulator-can be shieW^ 

Example 10 

Hereinafter, an infrared sensor according to a 
tenth example of the invention will be described 
with reference to Rgure 31. The infrared sensor of 
this tenth example is different from the infrared 
sensor of the sixth example only in the' oxifigura- 
tion of the diffractive optibal modulator. The diffrac- 
tive optical modulator of this xampl is construct- 
ed so that an electromagnetic fioise is not gen- 
erated at least toward the portion in which tfie 
pyroelectric elemerit and the signal ampfifi r are 
disposed. Therefore, the electromag as 
d seabed iri the ninth e)«impie is hot ri»qulred to 



be provided. 

The diffractive optical modulator of this exam- 
ple wiil be d scribed t)elow. As shown in Figure 31. 
the diffractive optical modulator of this example 

5 includes: a substrate 97. e.g.. a silicon substrate, 
whose both surfaces are mirror-polished; an an- 
tlreflectlon film 98 made of an insulating material, 
e.g.. a ZnS film having a thickness of 1.1 tim\ a 
reflection film 99 obtained by depositing Au (thick- 

10 ness: 0.1 urn) or the like and patterning it; and a 
spacer layer 100 obtained by applying a polyimide 
film or the like by a spin^ating method, and 
baking the film. In this example, the optimal thick- 
ness of the spacer layer 100 is approximately X/- 

15 (4cosfl|). For example, if X is 10 uim and 6, is 25 
degrees, then the optimal tiiickness is 2,8 um. The 
diffractive optical modulator of this, example further 
irKludes: a non-oxidized conductive, reflection film 
101 made of a conductive material which is not 

20 Hkely to be oxidized by oxygen in tfie atmosphere 
or oxygen plasma and has substantially tiie same . 
reflectance as tiiat of th$ reflection film 99, Jo be 
obtained by depositing Au (thickness: 0.1 um) or 
tiie like by a vapor deposition metiiod: arid an 

25 elastic body ^102 obtained by depositing Al (thick- 
ness: 1 um) or the Bke by a vapor deposition 
metiiod. 

Refemng to Figures 32A to 32F. a method for 
producing a diffractive optical modulator of this 

30 example will be described. In ttiese figures, ttie, 
reference numerals 103 and 104 denote masks; 
and 105 denotes a beam consisting of the non- 
oxidized conductiw reflection filrn iOI^ and, the ; 
elastic body 102. In tiiese figures, the same com- 

35 ponents as those in Figure 31 will be denoted by 
the same reference numerals and tiie description 
thereof will t>e omitted herein. 

: First, as shown in Figure 32A, ZnS films hawng 
a tii'ickness V(4n) (n Is the refractive index of ZnS 

40 = 2.3) of 1.1 um are deported: on botti of the 
mirror-polished surfaces of the silicon substrate 97 

by a sputtering mettiod or the like, tiiereby fomning 

t he antir efiecBon film 3a / - ^ • 

Next, as *own in l=igure 32B, Au (thickness: 

45 0.1 um) or the like is deposited by a vapor depo^- 
tion mettiod: a positive photoresist or the take is 
applied thereon by a spin-coating metiiod and ex- 
posed and developed so as to form ttie mask 103; 
and tiien tiie deposited Au is removed by tfie W/E 

50 using an etching solution composed of iodine, po- 
tassium iodide and the lik , thereby forming the 
reflection film 99. 

Then, as shown in Rgures 32C, tiie mask 103 
is . removed and a polyimide film or tiie like is 

55 applied thereon by a spin^oating method so as to 
form ttie spacer layer 100. After tfie polyimide film 
is applied, tiie film is baked at 200'C ter 20 
minutes, for example, in tiiis case, the tiiickness of 
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the spacer layer 100 after the baking is set to be 
X/(4cosflt) and the unevenness of the reflection film 
is smoothed, by adjusting the rotation number of 
the spinner or the viscosity and the temperature of 
polyimide. 

Subsequently, as shown in Figure 320. Au 
(thickness: 0.1 um) or the like is deposited on the 
spacer layer 100 by a vapor deposition^ method or 
the like so as to form the non-oxidized conductive 
reflection film 101. and an AI film or the like having 
a thickness of 1 um. for example, is depwsited 
thereon by a vapor deposition method or the like 
so as to form the elastic body 102. Thereafter, a 
positive type photoresist or the like is applied 
thereon^'^^and then exposed and developed so as to 
form theifnask 104. 

Next; as shown in Rgure 32E, AI forming the 
elastic 'body 102 is removed by the W/E using an 
etching solution composed of phosphoric acid, ace- 
tic acid and nitric add, for example, and the non- 
oxidized conductive reflection film 101 Is etched by 
the D/E using chlorine or the like. 

Finally, as shown in Rgure 32F, the mask 104 
is removed by 'the D/E using oxygen plasma or the 
like.' arid at the same time, the spacer layer 100 
including the portions under the beams 105 1s 
isbtrbpicly^' etched. By perfonning the:- above-de- 
scribed steps, the diffractive optical RKxjlulator hav- 
ing- a configuration ishown in^Rgure 30-is com- 

pleted: ' • - ■..' ■■■i.U 

• Referring to Rgures 33A and 33B, the opera- 
tion of the diffractive'optical modulator of this-.ex- 
ample will be described. In these figures, the refer- 
ence numeral 106 denbtes incoming fight; 107a 
and 107b denote t first-order diffracted lights; 108 
denotes an air layer formed by the beams 52 
susperided in the air by the isotroj^c etching of the 
spacer layer \100; and 49 denotes reflected fight 
Rgure 33A shows the state where no voltage is 
applied 'between the norH)xidized conductive re- 
flection film 101 and the substrate d7. The dif- 
ference in tiie height t}etween tiie reflection film 99 
and tiie non-oxidized conductive reflection film 101 
is X/(4cos0t) as shown in Rgure 33A. For example, 
if X is 10 um and d| is 25 degrees, then tiie 
difference is 2.8 um. The incoming light 106 
passes tiirough the upper antireflection film 98, the 
silicon substrate 97. and ttien the k)wer antireflec- 
tion film 98. so as to be incident onto the grating 
portion consisting of the reflection film 99 and the 
non-oxidized conductive reflection film 101. In this 
case, since tiie phase of the light reflected by the 
reflection film 99 is different from the phase of the 
light reflected by the non-oxidized conductive re- 
flection film 101 by one half of the wavelengtii tr,; 
these two fight cancel each other and a diffracted 
fight on a higher order is diffracted. For example, 
th t first-order diffracted lights 107a and 107b are 



generated at a diffraction efficiency of 4i%. re- 
spectively. 

Rgure 338 shows the state where a positive 
voltage is applied between the non-oxidized con- 
5 ductive reflection film 101 and the substrate 97. for 
example. The substrate 97 is grounded. In this 
case, the non-oxidized conductive reflection film 
101 and the substrate 97 form a capacitor so as to 
interpose the air layer 108 and the antireflection 

10 film 98. The non-oxidized conductive reflection film 
101 functioning as the lower electrode is charged 
with positive charges, while tine substrate 97 func- 
tioning as the upper electrode is charged with 
negative charges. Since an electrostatic attracting 

ys force is caused tjetween these charges, the beams 
105 are pulled towards tiie antireflection film 98 
until tiie beams 105 come into contact witfi the film 
98, as shown in Rgure 338. In this case; the 
surface of the reflection film-99 and tiie surface of 

20 the non-oxidized conductive reflection film 101 are 
on tine same plane, so that the diffractive optical 
modulator functions as a mirror, and all ttie incom- 
ing fight 106 becomes tfie reflected light 109. ^ , 
As is apparent from the foregoing description, 

26 by tuming on/ott tiie voltage applied between tiie 
non^xidized conductive reflection film 101 and tiie 
substrate 97. tiie fight can be modulated. 

In tiie. diffiactive optical nrK>dulator for , the in- , 
frared /sensor of this example, the substrate 97 is 

30 grounded* a voltage is applied to tiie non-oxidized 
conductive reflection ;filrii,v101 and the Incoming 
fight is dicected through the grounded substrate 97 
to the reflection film. Therefore, in detecting very 
weak Infrared fight or In driving tiie diffractive 

35 optical modulator by applying a relatively high volt- 
age, an electromagnetic noise is not generated on 
the light-modulation side tsecause the substrate 97 
Itself functions as tiie electromagnetic shield. 
In tiie diffractive optical modulator of tfiis ex- 

40 ample, the antireflection film functions as the in- 
sulating layer and tiie film has a targe tfik:kness. 
6.g., a ZnS film having a thickness of 1.1 um. Thus 
tiie voltage required for drwing tiie modulator 
seems to t>e high. However, since the actual rela- 

45 five dielectric constant of ZnS is 8 or more, tiie 
effective lengtii, i.e.. an eightfi of tiie tiiickness, is 
0,14 um (= 1,1 um + 8). Accordingly, tiie driving 
voltage does not t>ecome too high. In addition, 
since tiie thickness of a, beam 105 is not particu- 

50 lariy limitejd by the wavelengtii x or tiie inclination 
angle flt, the diffractive optical modulator of ttiis 
xample ^can be driven at a lower voltage as com- 
pared with the diffractive optical modulator of tiie 
first or tiie tfiird example, by setting tiie tiiickness 

65 of tiie beam to be smaljer. More specifically, if tiie 
wavelengtii x Is 10 W, the inclination angle tfi is 
25 degrees and the thickriess of tiie beam is set to 
be 2 um or less, tiien tiie modulator of tiiis exam- 



00 



43 



EP 0 689 078 A1 



44 



pie can be driven at 0, 5 V. 
Example 1 1 

Hereinafter, an infrared sensor according to an 
eleventh example of the invention will be descrit)ed 
with reference to Rgure 34. The infrared sensor of 
this eleventh example is different from the infrared 
sensors of the foregoing examples in that the lens 
for converging the infrared light on the pyroelectric 
element is disposed between the pyroelectric ele- 
ment and the diffractive optical modulator. In the 
foregoing examples, the lens for converging the 
infrared fight is disposed so as to cover the open- 
ing of the seal case. 

As shown in Figure 34. the infrared sensor of 
this example includes: a diffractive optical modula- 
tor 209 for diffracting at least a part of the Incoming 
infrared light 206 as the zero-order diffracted light 
211: a diffractive lens 208; and a pyroelectric ele- 
ment 202. The diffractive lens 208 converges the 
infrared light diffracted by the diffractive optical 
modulator 209 onto the pyroelectric element 202. A 
diffractive optical modulator of any of the foregoing 
examples, can be used as the diffractive optical 
modulator 209, / . : :r • x > 

In this example, the diffractive optical modula- 
tor 209. the pyroelectric element 202 and the lens 
208 are included in ttie seal case 205 haying an 
opening. That js to say, the opei^ng of the seal 
case 205 Is not covered. The diffractive lens 208 Is 
a lens obtained by forming a diffraction grating on 
a substrate fundBoning. as an Jricoming .Infrared : 
wavelength fitter 264. |n this example, tiie diffrac- 
tive lens 208 itself Ofierates as a part of seal case 
205. 

In this example, since epproximateiy collimated 
light is incident onto the diffractive optical modula- . 
tor 209, the modulation efftciency is Improved. In 
addition, the noise generated by the operation of 
the diffractive optical modulator 209 Is not likely to 
ahect the pyroelectric element 202. 

Example 12 

Hereinafter, an infrared sensor according to a 
twelfth example of the invention will be described 
witii reference to Figure 35. The infrared sensor of 
this twelfth example is different from tiie infrared 
sensors of the foregoing Examples 1 to 10 in tiiat 
the lens for converging the infrar d light n the 
pyroelectric lement Is disposed between the 
pyroelectric element and the diffractive optical 
modulator. In Eicamples 1 to 10, tfie lens for con- 
verging Uie infraied fight is disposed so as to cover 
the opening of tiie seal case. 

The infrared sensor of this twelftfi example Is 
different from ttie infrared sensor of the leventii 



example shown in Figure 34 in that the opening of 
the seal case 205 is covered with the incoming 
infrared wavelength filter 204. A lens 208' of this 
example is not a diffractive lens, but a polished 

5 lens made of silicon, or a polyethylene lens. In this 
example, only the light transmitted through the 
incoming infrared wavelength filter 204 is incident 
onto the diffractive optical modulator 209. Since the 
diffractive optical modulator 209 is disposed within 

JO a sealed environment, the resistivity of the diffrac- 
tive optical modulator 209 against the environment 
is improved. 

Example 13 

75 

Hereinafter, an Jnfrared sensor according to a 
thirteentii example of ' tiie invention will t>e de- 
scribed with reference to Figure ,36. The infrared 
sensor of tiiis thtrteentti example is different from 

20 the infrared sensor of ttie eleventii example shown 
in f=igure 34 in that a cylindncal opening control 
mmber 215 is provided on tfie opening of the seal 
case 205, as is apparent from Figure 36, The 
aperture of this opening <x>ntrol member 215 is set 

25 to be 3 mm, and the length ttiereof In the axial 
direction is set to be 30 mm. for example. Jhe 
operUng control member 2iS Is made of a material 
cutting off the infrared light TTie opening control 
member 215 prevents tfie infrared Hght otfier than 

30 the infrared light output frorn tfie object to bid 
ctetected from being Incident onto ttie diffractive 
optical modulator, ttiereby Improving the S/tvl ratio 
of the output signal. , , . , . , . - 
In {he foregdng Examp^ 1 to 13, a diffractive 

35 critical modulator of tfie invention is applied to an 
infrared sensor. In the following examples, a dis- 
play device utilizing a diffractive optical modulator 
of tfie invention will be described, 

40 Example 14 

Rrst, refeaing to Figure 37. a fundamental ar- 
rangement of a display device according to an 
example of tfie invOTtion W l)irdesc«l)^ 

45 example, the light emitted from a fight source 224 
is diffracted by a diffractive optical modulator 225. 
and then converged by a projection tens 226. The 
int^ity of ttie light output from the diffractive 
optical modulator 225 to ttie lens 226 is modulated 

so in accordance witti; the. voltage appHed to the dif- 
fractive optical modulator 225. 

Next, refening to Rgure 38, a more detailed 
anrangem nt of tiie display device according to this 
example of ttie invention will be described. The 

55 display device shown in Figure 38 Includes: a white 
light source 224 such as a metal halide lamp and a 
xenon tamp: a dichroic mirror 229a for selectively 
reflecting red fight; a dichroic minor 229b for se- 



23 



45 



EP 0 689 078 A1 



46 



lectively reflecting blue light; and a diehroie mirror 
229c for selectively reflecting green light. A cold 
mirror 227 for transmitting a heat ray or infrared 
ray and for reflecting visible light is disposed t>e- 
hind the light source 224. The light emitted from 5 
the light source 224 as well as the light reflected 
by the cold mirror 227 is collimated or converged 
by a converging tens 228. 

In this example, the three diffractive optical 
modulators 225a to 225c having the above-de- lo 
scribed configuration are used. The diffractive op- 
tical modulator 225a is disposed at a position so as 
to receive the red (R) light reflected by the dichroic 
mirror 229a, The diffractive optical modulator 225b 
is disposed at a position so as to receive the blue 75 
(B) light^reflected by the dichroic mirror 229b. The 
diffractive optical modulator 225c is disposed at a 
position so as to receive the green (G) fight trans- 
mitted by the dichroic mirror 229b. In this example, 
the red light diffracted by the diffractive optical 20 
modulator 225a is directed to a coupling prism 231 
by a minror 230a. The green fight diffracted by the 
diffractive optical modulator 225c is successively 
reiflected by the dichroic mirror 229c and the mirror 
230b so as to directed (0 the coupling prism 2s 
231 : The blue light diffracted ' by the diffractive 
optical modulator 225b Is transmitted through - the 
dichroic mirror 229c, and tfien reflectefi by the 
mirror 230b;'so as to be directed to th^ coupling ^ 
pilsm 231 . The' light output from' the coup&ng prism 30 
231 IS directed through the projection lens 226 so 
as to form an image on a screen (not' shown). "^' ^ 
" The three diffradtive optical mcdulaftors 225a to 
225c are switched 6n\a!pixef t>asis t>y a controller 
(not shown). As a result, the incoming light is 35 
modulated on a pixel ba^s. and the spatial modula- 
tion of the incoming light is accomplished by the 
pixels output by the zero-order diffracted fight and 
the pixels not output by the zeroorder diffracted 
light. 40 

If the ratio of a lattice pitch A of ti)e diffractive 
optical modulator to the central wavelengtii X of the 
incoming light is seven, then the diffraction angle of 
the first-order diffracted fight generated by the dif- 
fractive optical modulator becomes B2 degrees. 45 
Accordingly, in order to prevent the first-order dif- 
fracted light from entering the aperture of the pro- 
jection lens 226. the F value (= focal length / 
effective aper ture of lens) of the projection lens is 
required to be 3,5 or more. Therefore, the F value so 
of the converging lens is also required to be 3.5 or 
more. By using such a lens, th light amount 
projected onto th screen t>ecom s sut>stantially 
uniform. 

- In this exampi , the light emitted from the fight S5 
source is separated into the tfiree primary colors of 
red. green ^^and . blue. ; three: diffractive i optical 
modulators are provided so as to correspond to the 



respective colors, and x/A is set to be seven, 
whereby a display device with a high optical effi- 
ciency for projecting substantially uniform amount 
of light onto the screen can be obtained. 

Example 15 

Referring to Rgures 39A and 39B. a display 
device according to another example of the inven- 
tion will be described. The display device of this 
example is different from the display device of the 
fourteenth example only in the diffractive optical 
modulator. Therefore, the components other than 
the diffractive optical modulator will not be de- 
scribed herein. 

Rgures 39A and 39B show tfie configuration of 
one pixel of the diffractive optical modulator. In 
tiiese figures, the reference numerals 232a to 232e 
denote t>eams having a tiiickness of one quarter of 
the wavelength of tine incoming fight Aluminum, 
silver or Uie fike is deposited on the upper surfaces 
of the beams 232a to 232e so as to function as the 
electrode and the reflection film. A spacer 233 also 
has a thickness 6f one quarter of the wavelength of 
tiie incoming fight An electrode 234. provided on a 
substrate (not shown), reflidcts the incoming fight. 
The electrode 234, which is temporarily disposed 
below the spacer 233 for visual convenience^ is in 
the^same 0lane of the lower surface of the spacer 
233 as shown in Rgure 39B, 

In the diffractive optical modulator of this ex- 
ample, the t>eams 232a arid 232e provided on the 
spacer '233 are not deflected even upon the ap- 
pfication of the electrostatic force. Therefore, tfie 
differef)ce between tiie phase of the fight reflected 
by the upper surfaces of tfie beams 232a and 232e 
and tfie phase of tfie fight reflected by tfie tipper 
surface of the spacer 233 is always one half of tfie 
wavelength. Also, In the portions of tiie beams 
232b. 232c and 232d supported by tfie spacer 
233. tfie phase difference is always one half of tfie 
wavetengtti. Accordingly, tfie phase difference is 
one half of tfie wavelengtii in all tfie regions be- 
tween adjacent pixels. Consequentiy. since tfie 
zero-order diffracted fight is not generated from a 
region t>etween adjacent pixels, tfie respective pix- 
els can t>e separated easily witiiout particulariy 
providing a black matrix. 

Example 16 : . 

Referring to Rgures 40A and 40B. a display 
device according to still anotfier example of tfie 
invention wifi be descrit)ed. 

The display device of this example is different 
from tfie display device of tfie fourteentfi example 
only in the diffractive optical modulator. Therefore, 
tfie components otfier tfian tfie diffractive optical 
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modulator will not be described herein. In these 
figures, a dielectric film 235 has a thickness of one 
quarter of the wavelength of the incoming light, and 
aluminum, silver or the lik is deposited on the 
upper surface of the dielectric film 235 so as to 
function as the electrode and the reflection film. 
Slits 236a to 2361 are produced by etching the 
dielectric film 235. A supporting beam 2Z7 is also 
produced by etching the dielectric film 235. A 
spacer is denoted by 238, and an electrode 239 
also reflects the light. 

Next, the operation of the diffractive optical 
modulator of this example will be descrit^ed. The 
dielectric film 235 is supported in the air by the 
supporting beam 237 and the spacer 238. When a 
voltage Is applied between the electrode provided 
on the upper surface of the dielectric film 235 and 
the electrode 239, an electrostatic force is gen- 
erated therebetween, so that the dietectric film 235 
comes into contact with the electrode 239. Since 
the width of the supporting beam 231 is smaller 
than the width of the movable portion of the dielec- 
tric film 235, the supporting t>eam 237 is tikely to 
be deformed, and the area of the pomact portion 
t}etween the dielectric film 235 and the electrode 
239 tiecomes much large. Consequently, the area 
for modulating the zero-order diffracted light be- 
comes large, and therefore, effective aperture be- 
comes. ^- , . .u. 

By making the width of the supporfirig beam 
smaller than the width of the movable portk)n, the 
supporting beam is fikely to be defbmied. As a 
. fesult.4he dead spacer not contributing Id 1^ 
utation of the 2en>ordec diffracted Egltt can t>e 
advantageously reduced. 

In this example, the same effects can be at- 
tained by making the width of each of ftte t>eams 
constituting the diffractive optical modulator smaller 
only In the vicinity of the spacer 238. ' : ' 

In the diffractive optical modulator of the Inven- 
tion, an insulating layer Is provided between a 
movable grating and a plate, so that the material 
_for^constituting,the.grating_can be freely, selected^ 
irrespective of the conductivity thereof. Ifhe beam 
is made of a conductive material, or if the k)wer 
suriace of the beam is made of a conductive ma- 
terial so as to function as a second electrode, then 
the gap t>etween the plate and the second elec- 
trode can be reduced, thereby enabling Ihe opera- 
tion at a low voltage. In the case of using the 
diffractive optical modulator for infrared ight having 
a relatively U^ng wavelengtfi, the reducion of the 
distance between the electrodes is effecfive. 

In addition, If the tower surface of Hie beam Is 
mad of a conductive material whk:h Is not likely to 
be oxidized, no residual cfiarges remain in tfie 
contact portk^n when the modulator Is driven, so 
that the residual potential difference is not gen- 



erated. Accordingly, there is no need for increasing 
the driving voltage as the modulator is driven many 
times, and there is no need for forcibly removing 
the residual charges by the application of the vol- 

5 tages having opposite polarities. Therefore, a pow- 
er supply for applying voltages having opposite 
polarities is no longer necessary, thereby realizing 
a lower cost. In addition, the fine control of the 
voltape waveform also becomes unnecessary, and 

10 the modulator can always be driven stably. 

According to a method for producing a diffrac- 
tive optical modulator of the invention, a spacer 
layer is formed by an organic film and a predeter- 
mined portion thereof is removed by a dry etching 

/5 process, whereby the sticking of the beams onto 
: the substrate during the rinsing and the drying 
: processes, which has ^nventionally been gener- 
ated, can be prevented. In addition, isince the spac- 
er layer is uniformly etched, beams having the 
20 same length can be formed; thereby, the variation 
of the operation of the modulator can be elimi- 
nated. 

Since tfie length of a beam is determined by 
the pattern of a spacer layer, a diffractive. optical 

25 modulator ^tduding the beams having the same 
. length can be produced with satisfactory reproduc- 
ibility. Also, the minimum driving voltage of the 
diffractive optical modulator is determined by the 
length of the t>eami and therefore, the driving vol- 

30 tages among a plurality of diffractive optical 
modulators can t>e aligned. 

Rirthefmore. according to the invention, a me- 
chanical chopper is rK> tonger necessary, and it is 
possible lo provide a downsized infrared sensor 

35 operating at a tower power consumption. The dura- 
bility thereof is also improved. If tfie inclination 
angle di of Itie diffractive optical modulator is set to 
be 45 degrees or less, for example, tfie inaease in 
f the driving voltage can t>e suppressed to twice or 

40 toss as compared witii the case %vh6re tiie light is 
vertically Incident Further, if tfie inclination angle 6| 
is set to be 25 degrees or toss, tfie tohgtti of tfie 

t)eam_is. srt to.l)e_3_mm or_less_and the residual 

stress is oontrolled to t)e a tensile stress of +10 

45 MPa or less, ttien tiie modulator can be driven at 5 
V or toss. As a result a circuit for increasing the 
voltage Is no tonger necessary, and a lower cost is 
realized. Moreover, by providing ttie pyroelectric 
element and the signal amplifier on tfie supporting 

60 plate and by supporting the supporting plate by the 
lectrode pins, the infrared sensor can l>e con- 
structed easily. 

The <fisplay device of tfie invention realizes tfie 
spatial modulation of tfie Hght at a larger effective 

55 aperture, as compared witfi a liquid crystal display 
device. In addition, since tfie polarization is no 
tonger necessary, the* optical efficiency is im- 
proved. Therefore, a brighter image can be ob- 
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tained. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that 
the claims be broadly construed. 



selected from the group consisting of Au, Pt. 
Ti. an NiCr alloy, a CuNi alloy, chrome steel, 
and a conductive organic material. 

5 9. A diffractive optical modulator according to 
claim 1. wherein the spacer layer is made of 
the same material as a material of the plurality 
of beams. 



Claims w 

1. A diffractive optical modulator comprising: 

a plate having a portion functioning as a 
first electrode: 

spacer layer formed on the plate; and is 
'^'^:<^ grating consisting of a plurality of beams 
having a portion functioning as a second elec* 
trode. both ends of the t>eams being supported 
on the spacer layer; 

wherein, by adjusting a voltage applied 20 
between the first electrode and the second 
electrode, a distance between the beams and 
the plate is varied, thereby controlling the dif- 
^^Iraction efficiency; ^ r-^ - 

and wherein an insulating layer is further 25 
provided between the plate and the plurality of ' 
* beams.- ■-'■^^ ' " =' ' 

2. fA diffractive optical modulator according to = 

claim 1. wherein a reflection film is formed on 30 
a surface of the insulating layer and on sur- 
: faces of the beams. ■ - -r: 

3. A diffractive optidil modulator according to 
claim 1. wherein the plate is made of a semi- 35 
corvductor functioning as the first electrode. 

4. A iffractive optical modulator according to 
cteJm 1, .wherein the plate consists of a con- 
ductive layer functioning as the first electrode 40 
aruj an insulating substrate for supporting the 
conductive layer. 

5. A diffractive optical modulator according to 
claim 1. wherein at least lower surfaces of the 45 
t>eams are made of a conductive material. 

6* A diffractive optical modulator according to 
/.claim .1. %vfierein at least lower surfaces of the 
. t>eams are made of a conductive material so 
which is not lik ly to be oxidized. 

7. A diffractive optical modulator according to 
claim 1, wherein the spacer layer is made of 

.an organic material. 55 

8. A diffractive optical modulator according to 
claim 5, wherein the conductive material is 



10. A diffractive optical modulator according to 
claim 9, wherein a width of the beams sup- 
ported on the spacer layer in a longitudinal 
direction is less than twice of a thickness of 
the beams. 

11. A diffractive optical modulator comprising: 

a plate having a portion functioning as a 
first electrode, and an upper surface and a 
t)Ottom surface; — 

a spacer layer formed on the upper sur- 
face of plate: and 

a grating consisting of a plurality of beams 
having a portion functioning as a second elec- 
frode, tx)th'enlds of the beams Ijeing supported 
on the spacer Jayer; - - 

:wherein, by adjusting a voltage applied 
between the first electrokJe and the second 
electrode, a distance between the beams and 
the plate is varied/ the^^ controlling the dif- 
fraction efficiency/ " 

and wherein a first antireflection film made 
of an insulating material is further provided on 
the upper isurfaoe of the plate, and a second 
antireflection film made of an insulating ma- 
terial is further provided on the tx)ttom surface 
of tfie plate, 

- and wherein each of the t>eams consists of 
a beam-shaped reflection film functioning as 
the second electrode and being made of a 
conductive material, and an elastic layer 
formed on the beam-shaped reflection film. 

12. A diffractive optical modulator comprising: 

a plate having a portion functioning as a 
first electrode: 

a spacer layer formed on the plate; and 

a grating consisting of a plurality of beams 
having a portion functioning as a second elec- 
trode, both ends of the beams being supported 
on the spacer layer: 

wherein, by adjusting a voltage applied 
between the first electrode and the second 
electrode, a distance t)6tween the beams and 
the plate is varied^ tiiereby controlling the dif- 
fraction efficiency... 

and wherein the plurality of beams are 
arranged so that a movable distance between 
the pHirality of beams and the plate becomes 
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minimum on an optical axis of incoming light. 

13. A diffractive optical modulator comprising: 

a plate having a portion functioning as a 
first electrode; 

a spacer layer formed on the plate; and 

a grating consisting of a plurality of beams 
having a portion functioning as a second elec- 
trode, both ends of the beams being supported 
on the spacer layer; 

wherein, by adjusting a voltage applied 
t3etween the first electrode and the second 
electrode, a distance between the beams and 
the plate is varied, thereby controlling the dif- 
fraction efficiency, 

and wherein a thickness of the plurality of 
t>eams Is adjusted so as to be minima! on an 
optical axis of incoming light. 

14. A diffractive optical modulator according to 
claim 11, wherein the spacer layer is made of 
an organic material. 

15. A diffractive optical modulator according to 
claim 11, wherein the ^rst electrode is ground- 
ed, and a voltage is applied to the beam- 
shaped reflection film. ' " 

16. A diffractive optical modulator according to 
claim 11, wherein the elastic layer is made of 
the same matenal as a material of the beam- 
shaped reflectionfilm. 

17. A diffractive optical modulator according to 
claim 11, wherein the conductive material is 
selected from the group consisting of Au, Pt, 
Ti. an NiCr alloy, a CuNi alloy, chrome steel, 
and a conductive organic material. 



beams on the spacer layer, 

wh rein, during the step of depositing the 
second layer, the second layer is deposited 
while moving a shield disposed t>etween a 
s deposition source for supplying a material of 

the second layer towards the plate and the 
plate, thereby varying a thickness of the sec- 
ond layer at respective positions. 

10 20. A method for producing a diffractive optical 
modulator of claim 7. comprising the steps of: 

forming an insulating film on a plate having 
a portion functioning as a first electrode: 

depositing an organic film on the insulating 
IS film; 

depositing a conductive thin film on the 
organic film; : ' 

patterning the conductive thin film, thereby 
forming a plurality dT beams functioning as a 
20 second electrode; and 

removing a predetermined portion of the 
organic film by a dry etching process, thereby 
forming a ^>acer for supporting t>oth ends of 
the plurality of beams. 

21, A fhethod for driving a diffractiv^ ' optical 
modulator of claim 5. wherein voltages in a 
rectangular waveform having an equal absolute 
value and opposite polarities are applied to the 
30 first electrode and the second el^:trode, re- 
^spec^ively. 

2Z A midttKXl for driving a ' tfiffraclhfe 

modulaior of claim 11« wherein voltages in a 
35 rectangular waveform having an equal absolute 
value and opposite polarities are applied to the 
first eledfode and the second electrode, re- 
spectively. ; ■ 



18. A method for producing a diffractive optical 
nKxJulator of claim 13, comprising the steps of: 
depositing a first layer functioning as a 
spacer layer on a plate; and 



40 23. Aril Infrared sensor comprising: a lens for con- 
verging infrared fight and a pyroelectric ele- 
ment 

wheran a diffractive optical modulator for 



depo^ng a second layer functioning as 
t>eams on the spacer layer, 4S 

wherein, during tiie step of depositing the 
first layer, the first layer Is deposited while 
moving a shiekJ disposed between a deposi- 
tion source for supplying a material of the first 
layer towards the plate and the plate, thereby so 
varying a thiclcness of tii first layer at respec- 
tive positions. 

19. A method for producing a diffractive optical 
modulator of claim 13, comprising the steps of: 55 

depositing a first layer functioning as a 
spacer layer on a iDlate; and 

depositing a second lay r functioning as 



receiving the Infriared light converged by the 
lens and for outputting at least a part of the 
infrared fight toward the pyroelectric element is 
further provided. 

the diffractive optical modulator compris- 
ing: 

a a portion functioning as a 

first electrode; 
' a spacer layer fomned on the plate; and 

a grating consisting of a plurality of beams 
having a portion functioning as a second lec- 
trode, both ends of the bearhs being supported 
on tiie spacer layer; 

wher^, by adjusting a. voltage applied 
between the first electrode and ttie second 
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electrode, a distance t>etween the beams and 
the plate is varied, thereby controlling the dif- 
fraction efficiency of the diffractive optical 
modulator. 

5 

24. An infrared sensor according to claim 23. fur- 
ther comprising: 

a signal amplifier, connected to the 
pyroelectric element, for outputting an electric 
signal indicating an amount of infrared light w 
received by the pyroelectric element; and 

a plurality of electrode pins connected to 
the first and the second electrodes of the dif- 
fractive optical modulator and the signal am- 
plifier and the pyroelectric element, the elec- is 
trpde pins externally protruding from the bot- 
tom surface of the seal case. 

25- An infrared sensor according to claim 24. fur- 
ther comprising a . supporting plate for support- 20 
ing the pyroelectric element and the signal 
amplifier.,.. 

26. An infrared sensor according to claim 25, 

; wherein, at least one of the plurality of elec- 25 
trode fMns extends to an tnside^of the seal 
case, anci tiie at least one electrode , pin sup- 
ports the supporting plate. 

27. An Infrared sensor aocording to claim 24, fur- 30 
ther comprising a shield which is disposed 
betwMirr fi^^ pyroelectric elenient and the dif- 
fractiw optical modulator and is grounded. 

28. An infrared sensor according to claim 23. 35 
wherein the diffractive optical modulator has an 
inclination angle of 45 degrees or less with 
respect to an upper surface of ttie seal case. 

29. -^}^infrared sensor according to claim 23. 4q 

wherein tiie angle (0t) Is 25 degrees or less. 

30. An infrared sensor according to claim 23. 
wherein the plate is disposed being inclined so 

ttiat a normal witii respect to a prindpal plane 45 
of tiie plate is not parallel to an optical axis of 
the lens. 

31. An ^infrared sensor according to claim 23. 
wherein tfie diffractive optical modulator is dis- 50 

. pos d so that only zero-order diffracted light of 
light diffracted by the grating is Incident on tfie 

"^ pyroelectric element and tfiat tiie diffracted 
light otiier ttian ttie zero-order diffracted light is 
not incident on the pyroelectric lement. 55 

3i /ui "inifweMj^^' s^^ according to plaint 23. 
wherein ah" amount of the iero-orier diffracted 



light is varied in accordance with a variation of 
a distance between the beams and the plate of 
the diffractive optical modulator. 

33. An infrared sensor according to claim 23, 
wherein a seal case having an opening in- 
cludes the diffractive optical modulator and the 
pyroelectric element. 

34. An infrared sensor according to claim 33, 
wherein the lens for converging the infrared 
light is provided so as to cover the opening of 
the seal case. 

35. An infrared sensor according to claim 34, 
wherein the seal case comprises: an upper 
surface for supporting the lens; a bottom sur- 
face parallel to ttie upper surface; and an in- 
clined member for sttpporting the diffractive 
optical modulator so ttiat the diffractive optical 
modulator is inclined witfi respect to the bot- 
tom surface by an inclination angle (?t. 

and wherein ttie diffractive optical modula- 
: tor Is disposed on the inclined member. : , 

36. An infrared sensor according to claim 23. 
wherein tfie lens for converging ttie infrared 
light is a diffractive lens. ; 

37. An infrared sensor according to claim 36. 
wherein ttie lens for converging ttie infrared 
light has a comigated structure corresponding 
to a phase modulation of ttie lens and is made 

. of a material selected from ttie group consist- 
ing of Si, Ge. GaAs. InP, GaP, ZnSe and ZnS. 

3a An infrared sensor according to claim 23. 
wherein a period of the grating is seven times 
or more of a wavelength of the infrared light. 
• .1 . . . 

39. An infrared sensor according to claim 23. 
wherein the plurality of beams are arranged so 
that a movable distance of the grating be- 
comes minimum on an optical axis of incoming 
infrared light. 

40. An infrared sensor according to claim 23. 
wherein a thickness of the plurality of beams is 

. ,,^.,._adjusted so as to, be minimuoi. on an optical 
"axis of incoming infrared light. . 

41.. An infrared sensor according to claim 23. 
wherein ttie diffractive optical modulator is dis- 
posed so ttiat a direction parallel to a principal 
Plane of ttie plate and v rtical to tfie b>eams is 
vertical to an optical axis of ttie lens. 
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42. An infrared sensor according to claim 23, 
wherein a movable distance of th beams is 
set to be K/(4cosfl), where X is a wavelength of 
the infrared light, and e is an angle formed 
between a normal with respect to the principal 
plane of the plate of the diffractive optical 
modulator and the optical axis of the lens. 

43. An Infrared sensor according to claim 23, 
wherein a thickness of the tieams is set to be 
X/(4cosa), where X is a wavelength of the in- 
frared light, and 0 is an angle formed between 
a normal with respect to the principal plane of 
the plate of the diffractive optical modulator 
and the optical axis of the tens. 

44. An infrared sensor according to claim 23, 
wherein an insulating layer is provided l>e- 
tween the plate of the diffractive optical 
modulator and the t>eams. 

45. An infrared sensor according to claim 44, 
wherein at least lower surfaces of the beams 
are made of a conductive material v^ich is mi 
likely to be oyidAzed, 

46. An infrared sensor according to claim 45. 
wherein a reflection film is formed on a surface 
of the insulatirig layer and on surfaces of the 
t)eams. ' ■ 

47. An infrared sensor according to claim 44, 
wherein the beams of the diffractive optical 
modulator are no?de of a conductive material. 

48. An infrared sensor comprising: a diffradive op- 
tical modulator for outputting at least a part of 
incoming Infrared light; a lens: and a pyroelec- 
tricelement, j >^ 

wherein the lens converges the Infrared 
light output from the diffractive optical modula- 
tor on the pyroelectric element, 

the diffractive optical modulator compris- 

ing: 

a plate having a portion functioning as a 
first electrode: 

a spacer layer formed on the plate; and 

a grating consisting of a plurality of beams 
having a portion functioning as a second elec- 
trode, twth nds of the beams being supported 
ori the spacer layer; 

wherein, by adjusting a voltage applied 
between the first electrode and the second 
electrode, a distance Ijetween the t>eams and 
the plate is varied, ttiereby controlling the dif- 
fraction fficiency of the diffractiv optical 
modulator. 



49- An infrared sensor according to claim 48. 
wherein at least tower surfaces of the beams 
are made of a conductive material which is not 
likely to be oxidized. 

5 

50. An infrared sensor according to claim 48. fur- 
ther comprising: 

a signal amplifier, connected to the 
pyroelectric element, for outputting an electric 
10 signal indicatingi an amount of infrared light 
received by the pyroelectric element: and 

a plurality of electrode pins connected to 
the first and the second electrodes of the dif- 
fractive optical modulator and the signal am* 
15 plifier and the pyroelectric element, the elec- 
-trode pins externally protruding from tfie bot- 
tom surface of the seal-case. . . 

51. An infrared sensor according to claim 50, fur- 
20 ther compriising a supporting plate for support- 
ing the pyroelectric element and ttie signal 
amplifier. 

52* An infrared sensor according to claim 50. 
25 wherein at least :onej <rf the plurality of elec- 
trode pins extends to an inside of ttie seal 
case, and the .at least one electrode pin sup- 
ports the supporting ptete^ : 

30 S3. An infrared sensor according to claim 52, fur- 
ther compri^ng a sWeW iflrtiich is disposed 
between the pyrodtedric element and the dif- 
^ fractive optical modulatorand i^^irounded. 

35 54. An infrared sensor according to daim 48. 
wherein the diffractive optical modulator has an 
incHnation angle (O,) of 45 degrees or less with 
respect to an upper Surface of the seal case. 

40 65. An infrared sensor according to claim 48. 
wherein the angle <fli) is 25 degrees or less. 

56. An Infrared sensor according to claim 48. 
^~~wherairtf»e~plateis<fi^ 

45 that a norma! witti respect to a principal plane 
of the plate is not parallel to an optical axis of 
the lens. 

57. An infrared sensor according to claim 48. 
50 wherein the diffractive optical modulator is dis- 
posed so that only zercRKder diffracted light of 
light diffracted by the grating is incident on the 
pyroelectric element and that ttie diffracted 
light other than the zeio^order diffracted Hght is 

55 not Incident on the pyroelectric element 

5a An Infrared sensor according to claim 48. 
¥vher^n an anriount of the zero-order diffracted 



on 
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light is varied in accordance with a variation of 
a distance between the beams and the plate of 
the diffractive optical modulator. 

59. An infrared sensor according to claim 48. 
wherein a sea! case having an opening in- 
cludes the diffractive optical modulator and the 
pyroelectric element. 

60. An infrared sensor according to claim 48, 
wherein the lens for converging the infrared 
tight is a diffractive lens. 

61. An infrared sensor according to claim 60, 
wherein the lens for converging the infrared 
light has a corrugated structure corresponding 
to a phase modulation amount of the lens and 
is made of a material selected from the group 
consisting of Si, Ge, GaAs, InP. GaP, ZnSe 
and ZnS. 

62- An infrared sensor according to claim 48, 
vvherein a period of the grating is seven times 
' - or more of a wavelength of Ihe infrared light 

63. An -infrared ^; sensor according to claim 48. 
wherein the diffractive optical modulator is dis- 
posed so that a directibn parallel to a principal 

* ' - ' pijahe of ^e' plate and^verlical to the: beams is 
' vertical to an optical axis of the lens. 

64. Ah ^ infrared sensor according ' to claim 48. 
wherein a movable distance of the beams is 
set to t>e x/(4cos&),Hvher6 X is a wavelength of 
the Infrared light and d is an angle formed 
t^tween a normal with respect to the principal 
plane of - the plate of the diffractive, optical 
modulator and the optical axiis of the lens. 

65. An iukif rared sensor according to claim 48. 
wherein a thickness of the beams Is set to be 
x/(4cos0). where X Is a wavelength of the in- 
frared light and 6 an angle formed between 
a r)ormal with respect to the principal plane of 
the plate of the diffractive optical modulator 
and the optical axis of the lens. 

66. An infrared sensor according to claim 48, 
wherein an insulating layer is provided be- 
tween the plate and the beams of the diffrac- 
tive optical modulator. % 

. ■ . J, . 

67. An infrared sensor according to dairn 66. 
wherein the t>eams of the diffractive optical 
modulator are made of a conductive material. 

6a An. Jnfrared sensor according to claim 48. 
wherein a seal case having an opening In- 



cludes the diffractive optical modulator, the 
pyroelectric element and the lens, 

69. An infrared sensor according to claim 68, 
5 wherein an infrared wavelength filter is pro- 
vided so as to cover the opening of the seal 
case. 

70. An infrared sensor according to claim 68. fur- 
ze ther comprising an opening control means pro- 
vided for the opening. 

71. A method for producing an infrared sensor 
comprising a lens for converging infrared light, 

75 a pyroelectric element and a diffractive optical 
. modulator for receiving the infrared light con- 
verged by the lens and for outputting at least a 
. part of the infrared light to the pyroelectric 
element — 
20 wherein a method for producing the dif- 

fractive optical modulator comprises the steps 
of: 

. depositing a first layer functioning as a 
spacer layer on a plate; and ^ ; • 
25 depositing a second layer functioning as 

> beams on the spacer layer, 
- .^ wherein, during the step of depositing the 
first layer, the first layer is ..deposited while 
moving a shield disposed between a deposi- 
30 tion source for supplying a material of the first 
layer towards the plate and the plate, thereby 
. .varying a^thickness of the first layer at respec- 
tive positions. ^ : 

35 72. A metiiod for producing an infrared sensor 
comprising a lens for converging infrared light, 
a pyroelectric element and a diffractive optical 
modulator for receiving the infrared light con* 
verged by the lens and for outputting at least a 

40 part of the infrared light to the pyroelectric 
element 

wherein a method for producing the dif- 
fractive optical modulator comprises the steps 
of: 

45 depositing a first layer functioning as a 

spacer layer on a plate; and 

depositing a second layer functioning as 
beams on the spacer layer. 
; during the step of depositing tiie 

so second layer, the second layer , is deposited 
while moving a .shield disposed i3etween a 
, deposition source for supplying a material of 
the second layer towards the plate and the 
plate, thereby varying a tfiickness of tiie sec- 
55 ond layer at respective positions. 

7a A method for producing an infrared sensor 
comprising a lens for converging infrared light. 
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a pyroelectric element and a diffractive optical 
modulator for receiving the infrared light con- 
verged by the lens and for outputting at least a 
part of the infrared light to the pyroelectric 
element s 

wherein a method for producing the dif- 
fractive optical modulator comprises the steps 
of: 

forming an insulating film on a plate having 
a portion functioning as a first electrode; w 
depositing an organic film on the insulating 

film; 

depositing a conductive thin film on the 
organic film; 

patterning the conductive thin film, thereby 75 
forming a plurality of beams functioning as a 
second electrode; and 

removing a predetermined portion of the 
organic film by a dry etching process, thereby 
forming a spacer for supporting both ends of 20 
the plurality of t)eams. 

74. A display device comprising: a light source: a 
diffractive optical modulation unit provided on 
an optical path of light emitted from the light 25 
source: and an optical element for Imaging 
light output from the diffractive optical modula- 
tion unit 

wherein the diffractive optical modulation 
unit is provided wtfh a diffractive grating so 
means, thereby controlling a diffraction effi- 
ciency of the diffractive grating means. 



75- A display device acx»ding to claim 74, 
wherein the diffractive grating means is a re- 
flective type means. 



35 



76. A display ' device according to claim 74, 
wherein a lattice pitch ol the diffractive grating 
means is seven times or more of a central 4o 
value of a waveband of the light 

77. A display dewce according to claim 74, 



the diffractive optical modulator controlling 
the diffraction efficiency by varying a gap be- 
tween the beams and the plate by adjusting a 
voltage applied between the first electrode and 
the second electrode. 

78. A display device according to claim 77, 
wherein the plurality of diffractive optical 
modulators further comprise an insulating layer 
formed between the plate and the plurality of 
beams. 

79. A display device according to claim 77. 
wherein a region for forming a phase differ- 
ence which is one half of a wavelength of the 
light is provided t>etween adjacent modulators 
of the plurality of diffractiv6<)ptical modulators. 

80. A display device according to claim 74, further 
comprising a separation means for separating 
the fight emitted from the light source Into a 
plurality of light t>eams having different 
wavebands. 

wherein the diffractive optical modulation 
unit is disposed on an optical path of each of 
the plurality of light beams. 

81. A display device according to claim 74, 
wherein the diffractive. optical modulation unit 
comprises a plurality ' of diffractive optical 
modulators twordimens^onally arranged as the 
diffractive grating means, and the plurality of 
diffractive optical modulators respectively cor- 
respond to a plurality of pixels. 

each of the plurality of diffractive optical 
modulators comprising: 

a plate having a portion functioning as a 
first electrode: ^ 

a supporting bearn fanned on the plate; 

and 

a grating consisting of a plurality of beams 
having a portion functioning as a second elec- 
trode. both ends of the beams t>eing su p ported 



wherein the diffractive optical modulation unit 
comprises a pluraftty of diffractive optical 45 
modulators two-dimensionally arranged as the 
diffractive grating means, and the plurality of 
diffractive optical modulators respectively cor- 
respond to a plurality of pixels, 

each of the plurafity of diffractive optical 50 
modulators comprising: 

a plate having a portion functioning as a 
first electrode; 

a spacer layer formed on the plate; and 

a grating consisting of a plurality of beams 55 
having a portion functioning as a second elec- 
trode, both nds of the t>eams being supported 
on the spacer layer; 



on the supporting beam; 

a width of the supporting beam being 
smaller than a width of a nnovable portion of 
each of the plurality of beams, 

the diffractive optical modulator controlling 
a diffraction efficiency t>y varying a gap be- 
tween th beams and the plate by adjusting a 
voltage applied between the first electrode and 
the second electrode. 
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